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He’s building a laboratory “road” 


N ACTUAL road service, automotive engines un- 

dergo a wide variety of speed and load changes. 
Therefore, laboratory tests requiring the operation 
of engines over long periods of time are likely to be 
misleading if run at constant speed and throttle 
opening. 


In the Ethyl Corporation laboratories the cus- 
tomary procedure, during projects wherein engines 
are operated on dynamometers for extended periods, 
is to vary speed and load automatically—simu- 
lating the variations found in actual road service. 


A number of types of control apparatus for this 
purpose have been designed and constructed in the 
Ethyl instrumentation laboratory. These variable 
controls automatically make the necessary changes 
in throttle opening and dynamometer 
load in proper sequence, duplicating 
acceleration, deceleration, constant 
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speed and periodic idleness. Thus, operation in con- 
gested city traffic or on the open highway in level or 
mountainous country may be simulated. Therefore, 
tests run over these laboratory “roads”’ furnish reli- 
able data for the solution of problems involving 
fuels, lubricants and engine design and materials. 

The laboratories of the Ethyl Corporation are de- 
signed specifically for the study of problems involv- 
ing the interrelationships of fuels, engines and lu- 
bricants, and cooperate with other research organ- 
izations of the oil and automotive industries in such 
work. 


ETHYL CORPORATION 


research laboratories 


1600 West Eight Mile Road, Detroit 20, Michigan 
2600 Cajon Road, San Bernardino, California 





Socony-Vacuum's Paulsboro, N. J., TCC unit-h bee converted 
to concurrent flow of catalyst and oij]—with pre ons for proc: 
essing high boiling liquid charging stocks. 


10,000 barrels per day of combined vapor and liqui® s' 
yield of 10 pound motor gasoline was 45.5%. The po 


with an end point well in excess of 1000°F. No difficulf¥ 
encountered in conducting the run. The carbonaceous 

on the catalyst leaving the reactor was entirely free of 
matter. Of neteworthy importance was the dry gas yield of ‘6 
3.9 wt.% C3 and lighter, a coke yield of only 3.0 wt.%, ane } a 
liquid recovery of 102.1 volume % C;3-free. 


Even though unvaporized liquid oil was charged to the reactor). 
it was not necessary to increase the rate of stripping steam 
formerly used on vapor phase operation. 


For about 1% of original capital cost, other existing TCC units 
can be similarly modified to charge non-vaporizable stocks. 


HOUDRY 
PROCESS CORPORATION PROCESS 
25 Broad Street, New York 4, N. Y. OCESSES | 
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COMING MEETINGS 


January 
6-10, Society of Automotive Fngineers, Annual meeting 
and Engineering display, Book Cadillac Hotel, Detroit. 
17, Western Petroleum Refiners, Technical meeting, Wash 
ington-Youree Hotel, Shreveport, La. 


February 
24-28, American Society of _ Testing Materials, Spring 
meeting and Committee week, Benjamin Franklin Hotel, 
Philadelphia. 


March 
17-19, American Society of Lubrication Engineers, Na 
tional Convention, William Penn Hotel, Pittsburgh. 
17-23, American Institute of Mining and Metallurgical 
Engineers, Annual meeting, New York City. Technical 
meetings March 20-22. 
22-28, American Society for Metals, Western Metals Con 
gress and Exposition, Civic Auditorium, San Francisco. 
24-26, Western Petroleum Refiners Assn., Annual mem- 
bership meeting, Plaza Hotel, San Antonio. 
April 
7-10, National Association of Corrosion Engineers, Con 
vention meeting, Palmer House, Chicago. 
9-11, Society of Automotive Engineers, Aeronautic imect 
ing, Hotel New Yorker, N. Y. 
14-18, American Chemical Society, National meeting, 
Atlantic City, N. J. 
23-25, Natural Gasoline Association of America, 26th 
Annual convention, Baker Hotel, Dallas. 
30-May 2, American Gas Association, Spring meeting, 
Stevens Hotel, Chicago. 


THIS MONTH’S COVER... 








Photes courtesy J. F. Pritchard & Co. 
Because water was scarce, the new natural gas- 
cline plant of Warren Petroleum Corp. near Hol- 
liday, Texas, has been designed to use air as 
the primary cooling medium. Coolers are of the 
type shown above, consisting of several sections 
of finned tubes in the top housing cooled by a 
forced draft of air from motor driven fans, De- 
tails on the plant and air coolers appear in this 

issue of PETROLEUM PROCESSING, pg. 52 
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cracking units. 


Much information on the subject has been developed 
in the research laboratories of Universal Oil Products Co. 
in the course of studies to improve cracking catalysts. 


FOR several years cracking catalysts 

have been subjected to intensive in- 
vestigation in the physical and chemical 
laboratories of the Universal Oil Products 
Co. Much of this work has been directed 
toward obtaining information that would 
lead to the production of new types of 
cracking catalysts or to improved versions 
of those already known. To date, virtually 
none of this information has been pub- 
lished. This series of articles is being 
written to present some of the properties 
and characteristics of these catalysts, in 
the belief that the availability of such 
information to the refiner will assist him 
in more intelligently meeting and solving 
the day-to-day problems encountered in 
cperation of catalytic cracking units. 


The purpose of this first article is 
to discuss the types of catalysts avail- 
able and to describe their properties 
in a general way. Later articles will 


Knowledge of the properties of solid catalysts is neces- 
sary to refiners for efficient operation of their catalytic 
Detailed accurate data on catalyst life 
under various operating conditions, catalyst structure, 
surface area, mechanical strength, heat stability and so 
on will greatly aid in the selection of types of catalysts 
best suited for individual plant operations. 





TABLE 1—Effect of Water Content 
Upon Interlamellar Distance for 


Montmorillonite 
Drying Water 
Temp. Content Interlamellar 
3 N Distance, A 
Under water Pa . >80 19.6 
Air dried . ’ 22.8 15.2 
a ES ee 8.8 11.2 
ME i viicbiassireek dans 7.0 9.9 
IEE EP 4.6 9.6 
TE Gera oe aaa 0.6 9.6 
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By Glenn M. Webb and C. H. Ehrhardt 
Universal Oil Products Co: 





concern specific features of the synthetic 
catalysts that are in wide commercial use. 


Types of Catalysts Available 


Three basically different types of cata- 
lysts have been developed for catalytic 
cracking. These are (1) the natural 
catalysts, of which super filtrol is one 
of the best known; (2) silica base cata- 
lysts, typified by silica-alumina, silica- 
magnesia, and silica-zirconia and (3) 
alumina base catalysts, as exemplified by 
the alumina-boria catalyst. 


Super Filtrol 


Super filtrol is an acid-treated benton- 
ite clay the principal constituent of 
which is the clay mineral, Montmorillon- 
ite. The pure mineral is ideally of the 
form H,O - 4SiO, - Al,O,. The naturally 
occurring material frequently has some 
of the alumina replaced by CaO, MgO, 
and Fe,O,. The acid-leached and acti- 
vated material available commercially 
contains all of the substances, and some 
other impurities as well, as shown in the 
following typical analysis: 

Compound % 

BE is iw 5 kia we ee eats 6 


0 Er eee re 5.8 

The composition of Montmorillonite 
has been studied extensively, and it has 
been shown to have a lamellar structure 


This data is now being made available by UOP to re- 
finers generally through PETROLEUM PROCESSING. 


In this article the three basic types of available crack- 
ing catalysts are listed and their properties described 
in a general way. Procedures are presented by which 
some important characteristics are determined, as, for 
example, the amorphous structure of synthetic silica- 
Later articles to be presented will 
discuss detailed data on the variable properties of cata- 
lysts used in commercial cracking operations. 


alumina catalysts. 





with the top and bottom layers of the 
lamina formed of oxygen atoms. The 
bonding between these oxygen layers 
is very weak and as a result there is a 
large interlamellar distance. 


The lamina are about 6 Angstrom*® 
units thick and the interlamellar distance 
varies from about 4 to 14 Angstrom 
units, depending on the amount of loose- 
ly held water in the interlamellar space. 
This plate-like structure of Montmorillo- 
nite, which has been established from 
X-ray diffraction evidence, may easily 
be confirmed by examing it in the elec- 
tron microscope. Electron micrographs 
of Montmorillonite show that the in- 
dividual platelets may easily be dis- 
tinguished. The sheets are about 50,000 
Angstroms in the long direction and about 
5000 Angstroms thick. An electron mi- 
crograph of a bentonite clay, taken by 
A. Prebus,(5) is shown in Fig. 1. 


Super filtrol exhibits some interesting 
properties which are characteristic of 
the so-called “swelling” clays. Montmoril- 
lonite, being such a clay, suffers expan- 
sion and contraction of the interlamellar 
distance as the loosely held water con- 
tent increases and decreases. For ex- 
ample, U. Hoffman(4) determined this 
interlamellar distance for a Montmoril- 
lonite containing 66% SiO, and 22% 


©The Angstrom unit is a measure of dis- 
tance, and is customarily used in discussing 
properties of atoms and molecules. There are, 
by definition, one hundred million Angstrom 
units in one centimeter. 
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Fig. 1—Electron micrograph of Bentonite clay, showing platelike s:ructure of i's 
principal constituent, montmorillonite, which is also the active ingredient of natural 
cracking catalysts. Magniiication as reproduced here is 80,000 times 


ALO, (the remainder being Fe,O., CaO, 
and MgO) with different amounts of 
water, with the results shewn in Table 1. 


Dr. Ehrhardt of the U. O. P. laborato- 
ries has checked this lattice expansion '!) 
for super filtrol and has obtained similar 
results, which are shown in Table 2. 


It should be mentioned that the bei- 
tonite clays do not undergo expansion 
«ft the lattice upon absorption of water if 
the clay has been heated to tempera- 
tures higher than about 600° F. 

The acid-leached and activated filtrol, 
available commercially undergo profound 
changes in surface area, crystalline struc- 
ture and catalytic activity when heate< 
to very high temperatures. The sub- 
stance is quite stable up to temperatures 
of about 1300° F. When the catalyst 
is heated at temperatures lower than 
1300° F., the surface area is high (ap- 
proximately 300 sq. m./g. as measured 
by the low temperature nitrogen adsorp- 
tion method), The activity for cracking 
heavy petroleum oils is good and, as has 
already been said, its structure, as de- 


6 


termined by X-ray diffraction methods 
is the same as that of Montmorillonite. 


When the mineral is heated at 1400° F. 
or higher, the structure simply collapses: 
its surface area drops to an insignificant 
value (—10 sq. m./g.). Its cracking ac- 
tivity vanishes for all practical purposes 
and its crystalline structure changes from 
that of Montmorillonite to an inactive 
aluminum silicate. The structure of 
Montmorillonite, as given by Hoffman,‘*! 
is shown in Fig. 2. 


Silica Bas2 Catalysts 


As has been mentioned above, tlh« 
three main classes of synthetic silica 
base cracking catalysts are the  silica- 
alumina, silica-zirconia, and silica-mag- 
nesia composites. 

Two of these have been or are being 
produced commercially for the Universal 
Oil Products Co. by the American Cya- 
namid & Chemical Corp. and the Chicago 
Chemical Co. These are the silica- 
alumina catalysts, known as UOP Type 
A cracking catalysts, which were pro- 





duced in very large quantities during the 
war for the production of aviation gaso- 
line base stock and cther components, 
and the silica-magnesia catalyst, desig- 
nated as UOP Type Q cracking catalyst. 

In addition, one other catalyst _has 
been made in rather large pilot plant 
quantities by the American Cyanamid 
Co, It was a three-component catalyst 
containing silica, alumina, and zirconia, 


designated as UOP Type B cracking cata-’ 


lyst. The present discussion will be 
limited to the properties of the Type A 
(silica-alumina) and Type Q (silica- 
magnesia) catalysts. 


Synthetic Silica-Alumina Catalysts 


As would be expected, synthetic silica- 
alumina composites have physical and 
chemical prceperties quite different from 
those of the natural materials. The 
synthetic product has a known and defi- 
ritely controlled composition. It is amor- 
phous, has a high surface area and is 
very stable to heat. The type and amount 
of impurities present in the catalyst have 
a very marked influence on its catalytic 
properties. For example, iron is held 
to a very low value cf 0.05% be- 
cause it promotes the formation of car- 
bon during the cracking reaction. Also, 
alkali metals such as sodium are not 
desirable since they decrease the thermal 
stability of the material. 

Abundant evidence has been gathered 
to shew that silica-alumina catalyst, in 
its active form, is amorphous. The term 
amorphous may be somewhat misleading 
for it is normally used to indicate that, 
by a particular test method, no evidence 
of crystallinity was found. In_ using 
this term in connection with silica-alumina 
catalysts we mean that the material 
is really amorphcus, i.e., it has no regular 
structure, but, instead, resembles vitreous 
glass, In other words, to date, we have 
found indication, not that the atoms are 
arranged regularly, but rather that they 
are randomly distributed. The eviderce 
fer this view is as follows: 

Marvy hundreds of X-ray diffraction 
phetographs have been taken *) cf silica 
and © silica-alumina These 
tests have been made under conditions 
that reveal the presence of relatively 
small amounts of crystalline components, 
and in no case have we ever obtained a 
diffraction pattern shcwing the presence 


composites. 





TABLE 2—Lattice Expansion for Super 


Filtrol 
Volatile 
Drying Conditions Con- 
Temp. Time tent Interlamellar 
*C. Hours % Distance, A 
Under water 57.3 19.2 
Partially air dried 48.2 19.2 
Air dried . 32.8 16.0 
50 16 18.0 15.2 
100 16 6.9 13.6 
500 16... se ata 9.8 
Super filtrol used 
SS ae eee 9.8 
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of a crystalline substance. The photc- 
graphs do show the characteristic amor- 
phous bands that silica alone, or glass, 
exhibits. 

A somewhat more sensitive method 
of. detecting the presence of crystalline 
substances than the X-ray is the electron. 
This is done by using electron diffraction 
techniques. In tests using these methods, 
we have again found no evidence for 
the presence of a crystalline phase. 

The electron diffraction experiments 
did reveal one interesting point which: 
is worth mentioning. This concerns 
the amorphous’ bands characteristic 
of silica. In 1939 Germer and 
Storks(*) studied thin silica films made 
by evaporating silica onto gold films 
and subsequently removing the gold 
base with a nitric acid-hydrochloric 
acid mixture. These thin silica films 
were then put into a high vacuum elec- 
tron diffraction camera and electron dif- 
fraction photographs were taken. The 
films showed no sharp lines as are found 
with crystalline substances, -but only a 
series of diffuse rings such as are pro- 
duced by amorphcus materials. 

We have also made similar electron dif- 
fraction tests on our silica-alumina cata- 
lyst, and have made measurements on 
the diameters of the diffuse rings. 
These diameters can be converted to 
inter-atomic spacings by means of the 
Bragg formula, The values of these 
spacings, as found by Germer and Storks 
for evaporated silica films and by us for 
active silica-alumina cracking catalysts, 
are summarized in Table 3. 





TABLE 3—Structure Measurements for 
Evaporated Silica Films and Active 
Silica-Alumina Cracking Catalysts 


-—Spacings in Angstrom Un‘ts—- 


UOP Active 
Germer and Storks Silica-Alumina 
Band (Silica Film) Catalyst 
A ee 3-4 
B MEATS 1.8-2.2 
im weave cee 1.2 1.1-1.3 
ee arts" 0.8 Not found 





Thus, the conclusion may be drawn 
that the silica in the cracking catalyst has 
substantially the same structure as silica 
subjected to the very high temperatures 
required to vaporize it. The great dif- 
ference between the two types of silica 
is, of course, porosity. 

Glass, evaporated silica, quartz, cte., 
are solid, nonpcrous substances. The 
silica in the cracking catalyst is vers 
porous, having specific surface areas as 
high as 600 sq. m./g. The sizes of the 
pores in the material are small according 
to ordinary standards, of the order of 
50 Angstrom units. However, these 
openings are much larger than the gas 
oil molecules which must enter them to 
undergo reacticn or the smaller molecules 
which are formed as a result of the cata- 
lytic reaction and must leave the catalyst. 

The silica-alumina catalyst is quite 
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Fig. 2—Diagrammatic structure of mont- 
morillonite, illustrating the laminar ar- 
rangement of the atoms in this material 


stable to heat, much more so than the 
natural minerals. The synthetic material 
loses roughly only half its activity and 
surface area when heated in atmospheric 
air to temperatures as high as 1650° F. 
It is still amorphous after such a treat- 


ment. Indeed, the catalyst does not de- 
velop crystalline phases until the tem- 
perature has exceeded 2000° F. For all 
practical purpcses, the material is in- 
active catalytically and has a very small 
specific surface, after it has been calcined 
at 1800° F. cr above. Heat treatment 
at the higher temperatures, about 2000° 
F., causes complete collapse of the struc- 
ture, resulting in the formation of such 
crystalline substances as cristobalite, a 
form of quartz, and mullite or sillimanite, 
which are aluminum silicates. The prob- 
able structure of amorphous silica is 
shown in Fig. 3. 


Synthetic Silica-Magnesia Catalysts 


The catalysts are similar to the silica- 
alumina composite in that they are syn- 
thetic products and therefore have all 
the advantages of easily controlled com- 
position and reproducible physical prop- 
erties. Further, both types of catalysts 
have in common a very active type of 
silica base. 

The silica-magnesia catalyst has sur- 
face properties that resemble the silica- 
alumina catalyst. Its surface area varies 
from 300 to 500 sq. m./g. and the aver- 
age pore diameter is in the range of 30 
to 70 Angstrom units. 

When the catalyst is heated to about 
1400° F. it is converted into a crystalline, 
inactive, and relatively nonporous mag- 
nesium silicate. Thus, with respect to 
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thermal stability, this composite behaves 
much more like a Montmorillonite clay 
than the synthetic silica-alumina product. 


Alumina-Base Catalysts 


Although alumina base cracking cata- 
lysts have not been used in commercial 
operations, it was felt that it would be 
desirable to mention this type of catalyst 
because of its interesting nonsiliceous 
composition. 


One of the most promising alumina 
base catalysts contains boria deposited 
on the alumina. The boria content is 
normally in the range of 8-12% B,O,. 
Its surface area is lower than that of 
silica base catalysts, being of the order 
of 150-200 sq. m./g. and the average 
pore diameter is high compared to the 
siliceous materials, being as high as 
100-120 Angstrom units. 


The crystal structure of this type of 
catalyst is exactly the same as that of 
the base alumina. In other words, the 
only crystalline component discernible 
in the catalyst is gamma alumina.(4) In 
thermal stability it is about equivalent 
to the silica-magnesia and natural cata- 
lysts. It may safely be heated to about 
1300° F. without in any way altering 
its structure; however, when tempera- 
tures of 1400° F. or higher are reached 
the boria reacts with the alumina to form 
a new, but inactive, compound containing 
aluminum, boron and oxygen. 


The alumina-boria catalyst has one 
feature which makes it undesirable from 
the practical standpoint. This concerns 
the loss of boria in gases containing 
steam. The steam hydrates the boria to 
form boric acid, which is distilled off 
the alumina base. This means that 
process -or regeneration gases contain- 
ing steam will continually remove the 
boria from the catalyst, leading to a 
loss in activity of the catalyst and to a 





deposition of boric acid in the fraction- 
ators and other parts of the plants. By 
proper design these difficulties could 
probably be overcome, but up to the 
present writing the catalyst has not shown 
sufficient superiority to justify the addi- 
tional expenditures that would be in- 
volved in using the catalyst. 


General 


In the preceding part of this paper, 
we have described in a general way 
some of the properties of the principal 
types of cracking catalysts. These prop- 
erties, which included structure, surface 
area, and heat stability, are important, 
but they are not alone sufficient to char- 
acterize a catalyst. For example, one 
feature which all of these catalysts have 
in common is a very porous structure and 
a high specific surface. But it is im- 
possible to generalize this statement and 
say that any cracking catalyst, to be ac- 
ceptable, must have a surface area vary- 
ing only between certain defined limits, 
or, conversely, that any material having 
a very high specific surface will be a good 
catalyst. 


That this cannot be done may easily 
be seen from the fact that several ma- 
terials are known which have high specific 
surfaces, but possess very little catalytic 
activity for cracking gas oils. Among 
these are silica gels (areas up to 900 
sq. m./g.,), alumina gels (areas of 200- 
800 sq. m./g.), and charcoals (with 
areas up to 2000 sq. m./g.) 


A similar situation exists with respect 
to crystalline structure. There are many 
materials, for example, which are amor- 
phous in the same sense that the silica- 
alumina catalyst is amorphous. But this 
does not mean at all that they are as effi- 
cient as the silica-alumina mass for the 
catalytic cracking of heavy petroleum 
i's. 






Fig. 3—Diagrammatic illustration, in two dimensions, of the probable type of ar- 


rangement of the silica (solid circle) and oxygen (open circle) atoms in silica gel 
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For these reasons, recourse must be 
had to other types of tests to characterize 
accurately the behavior and properties 
of catalysts. Foremost among these is 
the use of an activity test procedure 
that simulates at least in its important 
particulars the conditions to be encoun- 
tered in the proposed commercial installa- 
tion. In a search for new cracking cata- 
lysts this is usually the first test to be 
made, and normally involves passing a 
gas oil over the catalyst at an elevated 
temperature (700-1000° F.) and at sub- 
stantially atmospheric pressure. The gas- 
oline formed is removed from the entire 
product by distillation and its octane 
rating is determined. 


Once a particular catalyst composition 
is discovered to have desirable features 
a great deal of involved and systematic 
work is required to determine its optimum 
characteristics. In the specific case of 
fixed bed catalytic cracking, for example, 
not only must the optimum concentration 
of the chemical constitutents be deter- 
mined, but also the allowable type and 
amount of impurities, the best physical 
form, its strength, density, porosity, size, 
and so forth. 


If the catalyst is to be used in the 
fluid type of cracking unit, some of these 
features must obviously be changed, 
notably the particle size. However, other 
items must be considered. Whereas 
the strength and density of a pelleted or 
extruded catalyst destined for use in a 
fixed bed type plant may be controlled 
to a certain extent by the conditions un- 
der which the material is formed, this 
cannot be done for fine powders to be 
used in a fluid unit. 


In this latter case, the strength and 
density must be controlled at some other 
point in the manufacturing process, and 
it has been found that these properties 
can be altered at will in a variety of 
ways, such as varying the concentrations 
of the solutions used in making the 
silica gel, as well as controlling the time 
the gel is allowed to age before drying, 
the temperatures of the solutions used, 
and so forth. 


There are also other items that must 
be investigated, such as minimizing the 
amount of carbonaceous material laid 
down on the catalyst, etc. It is not pro- 
posed to discuss these in the present 
paper, rather, it is intended only to 
draw attention to a few of the variables 
that must be explored and reserve de- 
tailed presentation and discussion of the 
quantitative data for the future articles 
of this series, 
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ton, Texas(5), Shell has for some time 
been producing allyl chloride and ally] al- 
cohol at this plant, which also produces 
butadiene, isopropyl alcohol, and acetone. 
“A $2,500,000 expansion in facilities for 
production of methyl ethyl ketone and 
secondary butyl alcohol,” recently an- 


TOMORROW 


..- IN PETROLEUM TECHNOLOGY 


i nounced, is only part of a “long-range 
9 : . . . program of expansion, involving more 
‘ Current technological and economic developments discussed here in than $25,000,000 in all, (which) will in- 
; the light of their future bearing on petroleum refining operations — volve the erection of about a dozen indi- 





. include: 


e European shale-treating practice described. 


e Shell plans production of synthetic glycerine. 


e Gas oil polyforming offers interesting prospects. 


e Solexol process constitutes important fat and oil refining 


advance 


European Shale-Treating 
Practice Described 


A$ mentioned recently, the Bureau 


of Mines is concentrating consider- 


able research attention on the winning 
of oil from oil shale. 
patent surveys, it has also reviewed the 
data on past research and commercial 
operations (abroad), and one of these 
reviews—“European Shale-Treating Prac- 
tice”(1)—has recently been published 
as one of its Information Circular re- 
leases. 


In addition to 


The data included “portrays at least 


some of the thoughts of those engaged 
in obtaining oil from oil shale in Europe 
and ... depicts some of the results thus 
far obtained as well as certain plans for 
further efforts to win oil from shale; it 
is hoped that those who undertake the 
development of a shale-treating indus- 
try in this country will find useful in- 
formation in this report. 


The report describes a number of 


German, French, and Estonian opera- 
tions and includes a literature review by 
the Centre D’Etudes et de Recherches 
des Carburants et Lubrifiants dem Rem- 
placement on ovens and retorts for treat- 
ing bitumincus shales. 


Of particular interest, even though 


its process was not in use long enough 
for final evaluation, is an account of 
a German underground shale-treating 
plant at Schorzingen. 
summary of this report,(1) 


According to the 


“This plant heat-treated shale in under- 


ground tunnels by internal combustion 
methods, 
appreciably less than was obtained by 
the laboratory Fischer-retort test. The 
first tunnels made were 6.5 feet wide, 
7.1 feet high, and 195 feet long. The 
Shale roofs and parts of the walls were 
so broken by explosive charges that 
there resulted a group of tunnels filled 


The oil thus recovered was 





(1) Odell, W. M. and Baldeschwieler, E. L. 


European Shale-Treating Practice, U. S. Bu- 
reau of Mines Information Circular 7348, 
Washington, 1946. 
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with a porous mass of broken shale ap- 
proximately 195 feet long. Each of 
these tunnels was sealed at one end, and 
a coke fire was kindled at the other end 
to ignite the shale within the tunnel. 
Suction was applied at the sealed end 
by an exhauster, the intake of which was 
connected by a pipe to the sealed end 
of the tunnels. The evolved gases and 
vapors were removed through the latter 
pipe; the heavy oil condensed and was 
drained from the system.” 

Although this process may not prove 
economic, it is at least an interesting 
adaptation of Russian work on the under- 
ground gasification of coal and is worthy 
of further consideration, since the mining 
of oil shale presents certain difficulties 
not encountered in the mining of coal. 

The report itself, in addition to re- 
ports on this subject released through 
the Office of Technical Services (PB 
reports), is a valuable addition to the 
literature on shale oil. Much has been 
published on this subject, but a large 
part of the related literature is technical- 
ly and economically outdated. It is to 
be hoped that the Bureau of Mines’ ex- 
periments, which will follow this informa- 
tion gathering phase, will cast more light 
upon a subject of much current interest 
and probable importance. 


Shell Plans Production 
Of Synthetic Glycerine 


FTER years of laboratory and pilot 
plant research, accompanied by de- 
tailed market studies, the Shell Chemical 
Corp. has recently announced that it “will 
begin the first commercial (domestic ) pro- 
duction of synthetic glycerine—a goal of 
the chemical industry for over a century— 
when its projected $7,000,000 glycerine 
plant in Houston, Texas, is completed (2).” 
That Shell was at last planning to pro- 
duce synthetic glycerine on a commer- 
cial scale has been rumored rather widely 
during the past few months(3) (4), espe- 
cially in connection with announced plans 
for the expansion of chemicals produc- 
tion at Shell’s Deer Park refinery, Hous- 


vidual plants, each for the production of 
a specific chemical(5).” 


Not all the chemicals to be produced 
have been announced, but it has been re- 
vealed that one of them will be epichloro- 
hydrin, another chemical which, like alklyl 
alcohol and allyl chloride, is part of the 
glycerine synthesis pattern. “The Deer 
Park plant will exceed in output the total 
of the four Pacific Coast plants of the 
Shell Chemical Corp. . . . Manufacture of 
all the chemicals will be on a large scale 
for bulk shipment to chemical industries 
making finished products. Since most of 
the chemicals planned for production 
have either been scarce in recent years 
or at least rather erratic in availability, 
the new plants are expected to have a 
stabilizing effect upon the field(5).” 


Many of these chemicals will be pro- 
duced from the propylene and ethylene 
available as by-products from the new 
catalytic cracking plant (22,000 b/d ca- 
pacity) which Shell recently dedicated 
at its Houston refinery. Shell’s plans to 
use this plant for the bulk production of 
chemicals is indicative of a trend being 
followed by other petroleum chemical pro- 
ducers, such as Carbide and Carbon, who 
possess plants elsewhere which produce 
many petroleum products, but who con- 
centrate the manufacture of large-scale 
products at or near Texas refineries, where 
large quantities of petroleum by-products 
are more readily (and cheaply) available. 


In further regard to the production of 
glycerine from petroleum, this synthesis, 
starting with propylene and _ leading 
through allyl chloride, allyl alcohol, etc., 
has been traced elsewhere too many times 
to be newsworthy here(®). Shell has long 
ago developed this process through the 
pilot plant stage, and has evidently de- 
cided that future market conditions war- 
rant its commercial use. No official an- 
nouncement of the. plant’s capacity has 
yet appeared, but rumors for a $5,000,- 
000 plant (evidently somewhat incorrect) 
mentioned a rated annual capacity of 
30,000,000-35,000,000 Ib. per year of re- 
fined glycerine(3), (4), 


“But whether the synthetic plant would 
make 25,000,000 Ib. or 35,000,000 Ib. 


from propylene a year, it is interesting to 





(2) Anon., NATIONAL PETROLEUM News 88, 
No. 49, 46 (1946), “New Shell Plant at Hous- 
ton to Make Synthetic Glycerine.” 

(3) Anon., Chemical Industries 59, No. 8, 
589 (1946), “Glycerine Enters New Era.” 

(4) Stenerson, H., Chemical and Engineering 
News 24, No. 18, 2565 (1946), “Behind the 
Markets.” 

(5) Anon., Chemical and Engineering News 
24, No. 21, 2926 (1946), “Industrial News.” 

(6) Williams, E. C. et al, Chemical & Metal- 
lurgical Engineering 47, 834 (1940); 48, 87 
(1941), “‘Synthetic Glycerine from Petroleum.” 
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Tomorrow in Petroleum Technology 











compare this reported planned output 
with the production of by-product glycer- 
ine. In 1941, before the oils and fats 
shortage became severe as the result of 
the suspension of coconut oil and cther 
vegetable oil imports, production of C. P. 
glycerine on a 100% basis amounted to 
108,112,000 lb. By 1943, it had slumped 
to 63,242,000 lb., and through such heroic 
measures as household fats salvage, C. P. 
production recovered during 1944 to 99,- 
205,000 Ib. Last year the output fell off 
again to 83,284,000 Ib. . . . Crude glycer- 
ine production has followed about the 
same trend. The output in 1941 amounted 
to 195,283,000 lb., 100% basis, and last 
year was 172,450,000 Ib.(4).” 


Although glycerine is used in innumer- 
able industries, “a full one-half of do- 
mestic consumption is channeled to alkyd 
resins, coating materials such as cello- 
phane and parchment, tobacco, and ex- 
plosives. The first two industries are new 
and expanding. .. . 

“Quotations on the C. P. grade over 
the years 1920-1940 have averaged about 
16 cents per lb. During this period there 
have been three peaks, at 28 cents in 
1930; 32 cents during 1926-27; and 29 
cents during 1937. The lowest trough 
was reached, following a gradual decline 
in the post-1929 depression years, at a 
price of 10 cents in 1933. Tcday, glycerine 
sells at 18% cents, but producers are press- 
ing for an increased ceiling (this was 
written before the end of price con- 
trol ) (3),” 


Natural glycerine is an unavoidable 
by-product of soap and fatty acid manu- 
facture; its economics, therefore, are 
closely related to these materials ( particu- 
larly soap). Output from these sources 
appears to have leveled off at a peak of 
200,000,000 Ib. per year, and it is to fill an 
anticipated shortage that Shell’s glycerine 
plant appear particularly economic, since 
there is certainly no assurance that syn- 
thetic prices will be able to undercut mar- 
ket levels. Synthesis from petroleum ap- 
pears to have in its power to stabilize 
prices and “to guarantee a virtually in- 
exhaustible potential supply of high-grade 
glycerine at a basic price. This realiza- 
tion should act as a stimulus to industrial 
developments leading to new and wider 
uses for glycerine; developments which 
might not be embarked upon in the ab- 
sence of such guarantees(3),” 


Gas Oil Polyforming 
Offers Interesting Prospects 


HE lifting of war-imposed censorship 

has certainly permitted technical meet- 
ings of petroleum organizations to hear 
papers of better quality as regards tech- 
nical details, as was evidenced by the 
recent API meeting in Chicago. Of 
particular interest at this meeting were 
the papers on the Polyform Process which, 
while known and used before the war, 
underwent considerable development dur- 
ing the war period(7), 
Naphtha polyforming undoubtedly fills 
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a need which many refiners have felt, and 
its potentialities for gasoline production 
from excess refinery gases (which may 
be charged along with the naphtha and 
recycle gases) are undoubtedly of con- 
siderable importance. Of particular inter- 
est, however, is an item reported last 
month by one of PETROLEUM ProceEssINGc’s 
editors: 


“In addition to the work which has 
been reported on naphtha polyforming, 
Gulf engineers told PeTroLEuM Process- 
inc that they are also conducing studies 
on gas oil polyforming which are reported 
to show promise of giving the refining 
industry another tool for increasing yields 
and octane number. By this process, ac- 
cording to the engineers, a light paraffinic 
gas oil (up to 700° E. P.) can be con- 
verted to gasoline with a yield cf 60-70% 
and an octane of 73-76, motor method, 
or a light catalytic recycle stock or light 
naphthenic gas oil can be processed to 
50-60% yields of 78-82 octane. These 
yields with gas oil polyforming are all 
based on once-through operations. Re- 
finery or outside gases can be charged with 
these stocks equally as well as with 
naphtha.” 


No process conditions are mentioned, 
but it may be noted that those for naphtha 
polyforming approximate 1025-1125° F. 
outlet temperatures and 1,000-2,000 psi. 
pressures. While thermal cracking, alkyla- 
tion, and pciymerization are probably the 
basic reactions involved, it is interesting 
‘to note that the process bears some re- 
semblance to attempts at destructive hy- 
drogenation with hydrocarbon gases in- 
stead of hydrogen. 


Process conditions differ somewhat, of 
course, but it may very well be that ex- 
periments of this type will serve to shed 
light on what could be a very important 
advance in refining art. One of the two 
chief economic deterrents to the use of 
destructive hydrogenation has been the 
high cost of equipment; the other has 
been the (comparatively) high cost of 
hydrogen. The lower hydro-carhons— 
methane, particularly, but also ethane, 
propane, and butane—cost less than hy- 
drogen, are, abundantly available, and, 
most important, are rich in hydrogen. For 
this reason, some desultory research has 
already been conducted on their use as de- 
structive hydrogenating agents, with in- 
conclusive but by no means discouraging 
results. 


Meanwhile, gas oil pclyforming would 
be an important step in petroleum refin- 
ing and would warrant attention on its 
own merits. More information on this 


subject will be awaited with impatience. - 


(7) Offutt, W. C., Ostergaard, P., Fogle, 
M. C., and Beuther, H., PETROLEUM PROCESSING 
1, No. 4, 267 (1946), ““Naphtha Polyforming’’; 
Offutt, W. C. et al, Ibid. 1, No. 4, 278 (1946), 
“Naphtha Polyforming with Outside Gas”; and 
Hirsch, J. H. et al, this issue, p. 61, “Correlation 
of Operating Variables in the Polyform Process.” 

(8) Bland, W. F., PETROLEUM PrRocEssING Il, 
No. 4, 243 (1946), “‘Polyform Process Utilizes 
Excess Gases in Upgrading Naphthas and 
Gasolines.” 





Solexol Process Advances 
Fat and Oil Refining Art 


peas deasphalting has long been 
an important lubricant refining meth- 
od and has, in the past few years, been 
used in the preparation cf heavy catalytic 
cracking feedstocks. Allied processes in- 
clude propane dewaxing and propane- 
deresining—in fact, a whole art of petro- 
leum separation (according to hydrocar- 
bon structure) is possible with the use 
of propane (or similar light hydrocarbons ) 
at appropriate temperatures and pressures. 
In such processes, liquid propane serves 
as an anti-solvent, precipitating out the de- 
sired substances under specific conditions; 
i.e., an asphaltic residuum which is en- 
tirely soluble in liquid propane at low 
temperatures precipitates its asphalt as 
the temperature is raised (under such 
pressures as are needed to keep the pro- 
pane in the liquid phase). 

The M. W. Kellogg Co. has been the 
chief builder of propane deasphalting 
plants, so that there is perhaps no great 
surprise to learn that this company is now 
constructing seven plants which apply 
propane refining to the purification 
(separation) of oils and fats, by the 
“Solexol process ‘®).” 

As in the case of petroleum, liquid pe- 
troleum at low temperatures mixes in all 
proportions with glyceride cils and fats. 
“As the temperature is raised, however, 
the capacity of the propane to mix with 
oil components of high molecular weight 
decreases, and these components are 
progressively precipitated.” By the time 
the critical temperature of propane is 
reached, almost every component has been 
precipitated; “thus a selective extraction 
of desired quantities of material can be 
effected by raising the temperature and 
bringing the oil-prcpane mixture into 
equilibrium.” 

“Temperatures required are well be- 
low those used in most (o'] and fat) re- 
fining techniques,” thus preventing poly- 
merization of oil constituents and preserv- 
ing vitamin content. Processing costs for 
this continuous process are said to range 
from “as low as a fraction of a cent to 
three cents per gallon of oil processed.” 

Kellogg believes that this process “will 
foster development cf several new oil 
products for industry, improve the quality 
of current oil products, and make pos- 
sible economies running into millions of 
dollars yearly in the refining of some 25 
basic vegetable, animal, and marine oils 
and fats.” For example, crude soybean oil 
“can be separated so that 67.5% of the 
original quantity is an edible oil suitable 
for shortening, margarine, and salad oils. 
Another 30% is suitable for paints, var- 
nishes, enamel, oilcloth, printing inks, and 
alkyd resins; 1.5% ccntains color pig- 
ments in highly concentrated form, plus 
lecithin; and the remaining 1% is rich in 
sterols useful for synthesis of hormones 
and other pharmaceuticals.” 





(9) Anon., Business Week, No. 899, 48 
(1946), “Industrial Oils Advance.” 
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Delayed Coking Unit Processes Residuum 






Into Gas Oil Charge for TCC Unit 


By RANDAL MAASS and R. E. LAUTERBACH General Petroleum Corp. 


ITH the Diesel engine, househokl 

burner, and light oil cracking units 
all competing for the intermediate or gas 
oil fractions, the general trend in refin- 
ing is toward a more extensive cracking 
of the residuum fraction. It has been 
estimated that this trend in the next 10 
or 20 years will reduce the percentage 
residuum from the present 26% to some 
10%. It is not expected that this crack- 
ing of heavier stock will so much replace 
light oil cracking as that it will provide 
ihe requisite charze stock. 


The General Petroleum Corp. has con- 
tributed to this trend by installing a 
15,000 b/d delayed coking unit to proc- 
ess 300-700 sec. (SF/122°F.) viscosity 
straight-run residuum. The _ gas _ oil 
thereby obtained will serve as part of the 
feed stock to General’s four Thermofor 
Catalytic Cracking units. The coking 
unit was designed, engineered and con- 
structed by the M. W. Kellogg Co., and 


is the largest of its kind in the world. 
Operations started July 26, 1946. 


General Process 


The description of the general process 
may best be followed by referring to the 
flow sheet, Fig. 1. The cracking portion 
of the coking unit is divided into two 
sections, each with its own furnace and 
pair of coke drums to be used alternately. 
The cracked products from the two 
cracking sections enter a common bub- 
ble tower for fractionation into an over- 
head product of gasoline and _ lighter, 
three gas oil draw products, and a bot- 
toms recycle product. The straight-run 
residuum charge, or reduced crude 


Fig. 1—General schematic flow dia- 
gram of the new delayed coking unit 
at General Petroleum’s plant 


charge, as it is called, is introduced into 
the bubble tower for further fractiona- 
tion, with the bulk of it appearing in the 
bottoms for furnace charge. Three steam 
strippers for the side draw streams and a 
gasoline debutanizer complete the frac- 
tionation equipment. ‘ 


Physical Equipment 
Furnaces 


As was indicated above, two duplicate 
furnaces have been provided, one for 
each pair of coke drums. The distinguish- 
ing and highly desirable feature of a de- 
layed coking unit is the delaying of the 
coking until the charge reaches the soak- 
ing chamber (coke drum). To accom- 
plish this the furnaces are designed for 
a low residence time and consequently 
a hizh rate of heat pickup. Because of 
the high heat level (600° F.) of the fur- 
nace charge, the oil tubes were restrict- 
ed to the radiant section and the hotter 
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Fig. 2—Head of boring tool assembly for removing coke from the coke drums at 

General Petroleum’s new delayed coking unit. In the drawing, 1 is the first bor- 

ing tool, complete: 2 the cleaning nozzles; 3 the boring nozzles; and 4 the lower 
half of the coupling 


portion of the convection section. Heat 
economy is realized through the use of 
water tubes for steam production in the 
colder portion of the convection bank. 
In general each furnace has four sep- 
arate coils which join outside the fire- 
box into a common transfer line. The 


3%-in. O. D. tubes are 42 ft. long and . 


have a wall thickness of 7/16 in. Alloy 
tubes of 9 Cr-1.5 Mo are used in the 
radiant section and to shield the con- 
vection bank. The remaining tubes in 
the convection bank are 5 Cr-0.5 Mo. 
Heat is supplied by 16 Zink combination 
oil and gas burners located in the end of 
the firebox. 


Waste Heat Boiler 


As was indicated above, the tempera- 
ture of the furnace charge was too high 
to realize a good heat economy with oil 
tubes alone. Therefore, a waste heat 
boiler, with its lower receiving tempera- 
ture, has been added in the convection 
bank of each furnace to reduce the tem- 
perature of the flue gases. This heat 
pickup serves to supply some 75% of 
the plant’s steam requirement. The out- 
let of the coils from the two furnaces 
enters a common steam drum from which 
a single boiler feed pump takes suction 
to circulate the water through both coils. 
A level control maintains the water level 
in the drum by admitting treated water 
from the refinery main boiler plant feed 
pumps. 

Coke Drums 


Continuity of operation is maintained 
through the use of a pair of coke drums 
for each furnace, one drum being in cok- 
ing service while the other is being de- 
coked. Each drum is 17 ft. in diameter 
and 80 ft. in height with 61 ft. of straight 
section. For protection against corrosion 
the vessels are lined with a 7/64-in. 
thickness of Type 405 stainless steel, the 
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lining being resistance welded to the 
shell. In addition the upper half of the 
shell is %-in. thick and the bottom half 
1 in. thick. 

Alloy steels were also used in the prin- 
cipal piping to and from the coke drums. 
The transfer lines were fabricated from 9 
Cr-1Mo pipe and the vapor lines from 
the drums to the bubble tower from 5 
Cr-0.5 Mo. Portions of the drum con- 
densate lines, the side vapor lines and 
the by-pass lines are also of alloy steel. 


Bubble Tower 
The 100-ft. bubble tower is 11 ft. in 


diameter in its upper section and in its 
bottom section is enlarged to 12 ft., 6 in. 
to accommodate the increased downflow 
occasioned by the introduction of the in- 
termediate reflux and the reduced crude 
feed. Fifteen cast iron bubble trays are 
used in the upper section and in the low- 


er section ten Type 405 stainless steel 
bubble trays with eight cast iron baffle 
trays below them in the potential cok- 
ing region. The shell thickness varies 
from 9/16 in. to 5/16 in. and is pro- 
tected throughout by a 7/16-in. Type 405 
stainless steel strip-welded lining. 

To reduce construction costs the three 
sidedraw steam strippers are contained 
in one 4-ft. 6-in. by 56-ft. shell appro- 
priately divided into three sections, each 
with six bubble trays. The available hy- 
drostatic heads dictate that the strippers 
be used in the same vertical order as 
the draw; that is, with the top draw 
in the top stripper, etc. The strippers 
are unlined and the trays are all cast 
iron. 

The entire hot oil section of the plant is 
protected from corrosion through the 
use of alloy steels. In the bubble tower 
region, however, some exceptions were 
made after considering the corrosion ten- 
dency and ease of replacement. 


Debutanizer 


The design of the 4-ft., 36-bubble tray 
debutanizer follows the conventional pat- 
tern. The tower is unlined and all trays 
are cast iron. To accommodate possible 
depropanization, the design working 
pressure was set at 330 psi. 


Heat Exchange Equipment 


Characteristics of the shell and tube 
heat exchangers are given in Table 1. 
Following our general practice open sec- 
tion condensing and cooling equipment 
is used throughout. Open sections, lo- 
cated in a 45-bay atmospheric cooling 
tower, were provided as shown in Ta- 
ble 2. 

Decoking Equipment 


Coke is removed from the drums by a 
water jet designed by the Worthington 
Pump & Machinery Corp., which cuts 
the body of coke into pieces small 
enough to fall into a crusher car. The 
crusher car breaks the pieces of coke 





TABLE 1—Shell and Tube Heat Exchangers 





Total 
No. of Surface Tube 

Shell Side Tube Side Bundles sq. ft. Material 
Reduced crude Light gas oil 2 2,480 Steel 
Reduced crude Heavy gas pil 2 2,480 Steel 
Reduced crude Intermed. reflux 4 12,880 Steel 
Reduced crude Fuel oil 2 4,350 Steel 
Stabilized gasoline Stabilizer feed 2 1,090 Steel 
Stabilizer bottoms 

(Stabilizer reboiler) Intermed. reflux 1 2,000 Steel 

TABLE 2—Condensing and Cooling Equipment 
Total 
No. of Surface Tube 
Service Bundles sq. ft. Material 

Bubble tower overhead .............. 18 10,200 Admiralty brass 
Light gas oil .. 4 2,020 Admiralty brass 
Heavy gas oil ...... 6 3,030 Red brass clad steel 
Intermediate reflux 2 1,140 Admiralty brass 
Stabilizer cverhead . 4 2,280 Admiralty brass 
Stabilizer bottoms . 1 530 Admiralty brass 
 - Gaaee ae 8 4,660 Red brass clad steel 
Gland oil .... 2 1,060 Admiralty brass 
Gland water 2 1,140 Admiralty brass 
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Delayed Coking 





down to a maximum dimension of 5 in. 
and feeds the sized coke into a sluice. 


The coke is sluiced with water into a 
suction pit from which a coke-water 
slurry is pumped through a 12-in. line 
to the storage area. Here the bulk of the 
coke is separated from the water and 
then moved to a convenient location for 
shipping. 


The decoking water jet is supplied by a 
centrifugal five-stage volute pump with 
external interstage passages. An hydrau- 
lically balanced rotor was obtained by 
providing double inlets at the first stage 
and by placing the remaining four sin- 
gle-inlet stages back to back. The dou- 
ble inlet at the first stage also provides 
a low inlet velocity which permits op- 
eration at a low submergence. All im- 
pellers are of the enclosed type. A pres- 
sure breakdown bushing jis provided at 
the inboard stuffing box so that both 
stuffing boxes are under suction pressure. 
The 4000 rpm 1450 hp. turbine drive is 
supplied with 165-Ib. 100° F. superheated 
steam and exhausts to a 26-in. Hg vac- 
uum provided by a barometric condenser. 


Two complete pumping units are pro- 
vided; one will supply 1100 gpm. at 1500 
Ibs: two in parallel will supply 1600 
gpm. at the same pressure. Electrically 
powered block valves, located in the dis- 
charge line, operate so as to prevent a 
shut-off against the pump. When the 
main block valve begins to close a small- 
er bypass valve begins to open so as to 
discharge the water back to the suction 
tank. In reverse the valve operation af- 
fords the same protection. From the 
pump discharge the jet water flows to a 
manifold at the top of the coke. drum. 

A 100-ft. derrick structure is mounted 
over each pair of coke drums to support 
the drilling equipment. Each drilling 
assembly includes a continuous length 
of drill stem long enough to reach the 
whole length of the drum and to which 
the boring and cutting tools can be at- 
tached. The drill stem is coupled at 
the top to a swivel head which is rotat- 
ed by an air motor and which can be 
raised or lowered by a steam winch. 
An assembly of Chicksan joints forms a 
flexible connection to supply jet water 
to the swivel head. Lock valves have 
been provided in the jet water lines to 
each drilling assembly. These valves 
are closed whenever the drill stem is re- 
moved from the drum so that no .one 
would be injured if the high-pressure 
water were inadvertently turned on. 

The cutting devices for removing coke 
are a boring tool, reaming tool, and 
cutting tool. The boring head which is 
illustrated in Fig. 2 is essentially a round 
ball about 10 in. in diameter which is 
tapped for water nozzles. One %-in. 
nozzle is located in the bottom to direct 
a jet straight downward, and four %-in. 
jets are symmetrically arranged about 
it to direct the water downward at about 
45° from the vertical. Two 1-in. jets 
are directed upward to keep any coke 
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fines from settling on top of the tool 
and stopping its rotation. 

For reaming, the same tool is used, 
except that. the bottom jet is removed 
and plugged off, and the four %-in. 
nozzles are replaced with %-in. nozzles. 

The cutting tool shown in Fig. 3 is 
an hydraulically designed assembly which 
splits the single stream of water in the 
drill stem into four jet strea Two 
streams are projected horizontallyM&t the 
top of the tool and the other two at 
the bottom are directed upward at such 
an angle that they cut the same plane 
as the horizontal jets at the surface of 
the coke drum, or at a distance of 
842 ft. from the axis of the drum. The noz- 
zle tips in this tool are replaceable and 
at the present time 5%-in. tips are used in 
the bottom nozzles, while 7/16-in. tips 
are used in the top. 

The crusher car, which grinds the 
coke to a size easily pumpable by the 
coke pump, consists of an 11 x 14-ft. 
hopper which feeds the coke to two 2-ft. 
dia. by 5-ft. long toothed rolls spaced 
5 in. apart. The rolls are driven by a 40- 
hp. motor. The crusher car is mounted on 
wheels and a track so it can be posi- 
tioned beneath any of the four drums. 
A “grizzly” fabricated of 1 x 8-in. 
plate, has been added near the top of 
the hopper to keep any large chunks 
from bridging over the crusher rolls 
or damaging them by impact, 

The crushed coke and the water from 
the jets pass between the rolls into a 
sluice which lead to a coke sump. 
Additional sluice water is added to the 
ditch as needed to keep the coke and 
water from piling up under the crusher 
car. An Allen-Sherman-Hoff Hydroseal 
coke slurry pump, located in a pit ad- 
joining the coke sump, pumps the coke- 
water slurry through a 12-in. line to 


the coke storage area located some 
2500 ft. from the pump. The pump 
derives its name from the clean water 
supplied to the case to seal the impeller. 
This water also serves to flush grit 
away from the close clearance area be- 
tween the impeller shrouds, shaft, and 
suction eye and the rubber lining pro- 
vided in that area. The speed of ro- 
tation of the pump can be varied by 
means of an adjustable sheave on the 
motor and three sizes of sheaves on the 
pump. At 600 rpm. the pump will 
discharge about 3000 gpm. of water 
over a coke outlet some 38 ft. above its 
suction nozzle through the 12-in. line. 

Special hydraulic lift cars were de- 
signed to raise and lower the heavy 
bottom heads of the coke drums. Had 
only one car been provided, the track 
system would have been needlessly 
complicated to permit moving one car 
past the other. This complication was 
avoided by providing cars to be placed 
on the single track on both sides of the 
crusher car, Also, with two cars, two 
drum heads can be worked on at the same 
time. The hydraulic lifts operate on 
90-lb. water and are individually’ cap- 
able of supporting the bottom head ‘plus 
the drum height of water. 


Operation of the Unit 


Feed Introduction 


Reduced crude is charged to the 
bubble tower by Quimby screw-type 
charge pumps under control of a flow- 
controller which regulate the rate by 
positioning a by-pass valve between the 
pump discharge and suction. The reduced 
crude is preheated by exchange succes- 
sively with the light gas oil product, 
the medium gas oil product, the inter- 
mediate reflux stream, and the heavy 





















































Fig. 3—Assembly of final cutting tool for removing coke from the coke drums. In 
the drawing, 1 is the tool complete; 2 the nozzle tip; 3 the nozzle cap; 4 the nozzle 
: body; and 5 the nozzle body adapter 
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General View of General Petroleum’s 15,000 b/d delayed coking unit, showing 
the 100-ft. derricks atop each pair of coke drums for supporting the drilling equip- 
ment used to remove the coke. At the right is the fractionating equipment 


gas oil product. It enters the bubble 
tower at two points, at the top baffle 
tray or five baffle trays above the 
cracked vapor inlet and at the second 
baffle tray from the bottom cr two 
baffle trays below the cracked vapor 
inlet. 

With a preheat level of only 450° F. 
the feed serves as a hot reflux and 
care must be exercised to avoid trans- 
ferring so much heat to the tower 
bottom product, through a contact with 
the cracked vapors (the sole source of 
fractionating heat), as to impair frac- 
tionation in the tower. This condition is 
avoided by temperature controlling the 
flow of reduced crude to the top inlet 
so as to maintain a constant temperature 
cn the bottom bubble tray. The excess 
feed is diverted by a pressure controller 
to the lower inlet. Any feed thus diverted 
also serves to subcool the tower bottom 
and thereby reduces the tendercy to form 
coke in this reservoir. 


Heating 


Both furnace charge pumps take 
suction off the tower bottom to deliver 
the charge to the four parallel coils in 
each furnace. The radiant section of 
each furnace is divided into two com- 
bustion chambers containing two of 
the coils. The charge flow is rate con- 
trolled to each half of the furnace and 
the fires in each combustion chamber 
are separately controlled to maintain a 
constant temperature at the combined 
outlet of each pair of coils, The two 
temperature controlled outlets from each 
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furnace join in a furnace transfer line 


which discharges into one of the two 
coke drums allocated to each furnace. 
Coking 

The heated mixture of vapor and 
liquid from the furnace enters the bot- 
tom of the coke drum. Since only vapors 
can pass cut the top of the drum, any 
liquid must remain in the drum until 
it is cracked to vapors and coke. As coke 
is deposited the incoming liquid and va- 
por must flow through the coke bed and 
through or into the liquid on top of 
the coke. With vapors and liquid con- 
tinually flowing through the coking re- 
gion, the coke depcsited is of a highly 
porous nature, which facilitates sub- 
sequent handling and contributes to 
the quality of the product. Each drum 
remains on the line for 24 hrs., during 
which time approximately 250 tons are 
therein deposited. 


Fractionation 


The vapors from the two drums cur- 
rently in simultaneous operation enter 
the buble tower between the fifth and 
sixth baffle trays, numbering from the 
top. As previously mentioned, _ this 
stream supplies the sole source of frac- 
tionating heat to the tower. The top 
temperature of the tower is controlled, 
by means of vaporizing reflux, to pass 
the gasoline and lighter streams over- 
head. A portion of the downflow in- 
duced by the top reflux is removed from 
the tenth bubble tray, steam stripped, 
and delivered to storage, after heat ex- 
change and cooling, as light gas oil. 


The remainirg down flow is augmented 
at the 15th bubble tray by an inter- 
mediate reflux stream and by the addi- 
tional reflux thereby induced. 

To handle this additional flow the 
tower is enlarged at the 15th tray from 
11 to 12 ft. 6-in. in diameter, The inter- 
mediate reflux is removed from the 
20th bubble tray to be cooled by heat 
exchange with the fresh feed, by supply- 
ing heat to the debutanizer reboiler, 
ard by exchange with cooling water if 
necessary. The intermediate reflux re- 
turned to the 15th tray is rate controlled. 
Should it be desirable to reduce the 
down flow on the lower bubble trays 
some intermediate reflux can be manu- 
ally controlled to the first baffle tray. 

As an added means of reducing the 
coking terdency in the bottom two 
baffle trays and the tower bottom res- 
ervoir, provision has been made to manu- 
ally control some of this reflux to the 
seventh baffle tray if needed. The in- 
termediate reflux draw is also used to re- 
move the medium gas oil product which 
is stripped and cooled. The heavy gas oil, 
which is also stripped and cooled, is 
withdrawn from the 24th bubble tray. 

The preheated fresh feed is added to 
the first baffle tray as required to main- 
tain a constant temperature on the 25th 
or bottom bubble tray, the remaining feed 
being diverted to the seventh baffle tray. 
The tcwer bcttoms, which include the 
fresh feed and recycle, are rate controlled 
to the furnaces. The lowest sidedraw is 
withdrawn at the rate required to main- 
tain the tower bottom level. Under this 
arrangement, with a constant 20,000 b/d 
charge to the furnaces, the recycle rate is 
automatically determined as the differ- 
ence between the fresh feed rate and the 
total furnace charge. 


The bubble tower overhead is cooled 
and condensed in the cooling tower and 
is separated into gas and gasoline in the 
reflux accumulator. The gas flows through 
a back pressure controller to the refinery 
central compressor station, where it is 
compressed to the central absorption 
plant pressure. This controller sets the 
pressure for the entire system so that the 
pressure on the coke drums and the 
bubble tower is but 2-4 Ibs. higher than 
the 52 Ibs. held on the bubble tower re- 
flux accumulator. The resulting pressure 
at the furnace outlet rides at about 75 Ibs. 


The stripping and coke drum cooling 
steam are also condensed in the over- 
head condensers and removed from the 
accumulator through a bcttom boot. The 
hydrogen sulphide content is so high that 
this water must be steam stripped in the 
refinery central deodorizer before it can 
be delivered to sewer. 

Gasoline reflux is pumped back to the 
top of the bubble tcwer under control of 
a temperature element located in the 
vapor space above bubble tray No. 2. 
The net gasoline make is charged to the 
debutanizer after heat exchange with the 
debutanized gasoline. The raw B-B is 
delivered to raw B-B storage for ultimate 
alkylation plant feed and the uncondensed 
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vapors to the central gas plant under its 
own pressure. For more precise control 
the tower pressure is maintained by a 
vapor line regulator. In order to insure a 
steady reflux pressure and thereby smooth 
out reflux flow, the accumulator pressure 
also is controlled within narrow limits 
through the use of a repressuring con- 
troller, which bypasses vapors around the 
condensers to maintain the accumulator 
pressure, and a depressuring controller, 
which relieves the excess pressure to the 
gas plant. 

Reboil heat is obtained from the inter- 
mediate reflux stream. To reduce the tend- 
ency to polymerize the cracked gasoline, 
it was decided to hcld the temperature of 
the heating stream to 600° F. or below. 
Since this stream runs close to 700° F., it 
is first passed through the first of its four 
heat exchangers and is_ satisfactorily 
cooled by exchange with the fresh feed. 
A temperature element on the 34th tray 
controls the quantity of heating oil to the 
reboiler by pcsitioning a three-way con- 
trol valve. After passing through the re- 
beiler, or by-passing it, the intermediate 
reflux stream is further heat exchanged 
against the fresh feed in the remaining 
three exchangers and cooled if necessary 
before it is returned to the bubble tower. 


Coking Drum Cycle 


Operation of the coke drums requires 
that the furnace transfer line product be 
switched from one drum to another when- 
ever a drum is filled with coke to the de- 
sired outage, At normal feed rates each 
drum is on stream ccking for 24 hrs. 
and is off stream for cooling, decoking 
and heating up for the same period. The 
drum switches are so timed that one of 
each pair of drums comes off stream every 
12 hrs. Under normal conditions the 
cycle for one drum is about as given in 
Table 3. 

The transfer line from each furnace is 
connected to a three-way switch valve 
which diverts the transfer line product 
to either coke drum or through a by-pass 
line to the bubble tower. Before switching 
the oil from one drum to another, the 
empty drum is preheated by forcing scme 
vapors from the on-stream drum into the 
top and pumping the condensate from the 
bottom of the drum into the bubble 
tower. 


Whenever the oil stream is switched 
from a full to an empty drum, the full 
drum must be purged of volatile oils and 
cooled down so that decoking operations 
can be started. After switching out of a 
drum, steam is immediately cut into it, 
both into the transfer line to the bottom 
of the drum and into a steam ring just 
above the bottom cone. The full drum is 
steamed to the bubble tower for 30 min. 
and is then depressured to the blowdcwn 
system. After 15 min. steaming to the 
blowdown, the steam is cut out and water 
pumped to the steam ring. 


This cooling produces considerable 
steam which must be handled in the 
blowdown system located about 2000 ft. 
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from the unit area, The blowdown line 
exhausts into a small tank about 6 ft. 
below a water level maintained by a con- 
tinuous circulation through the tank. The 
circulation is sufficient to remove the 
superheat of the steam and to condense 
any oil vapors. Some saturated steam is 
vented from an 80-ft. stack mounted on 
the tank. The overflow from the tank runs 
into a skimming sump to remove any oil. 
The sump water is cooled by circulation 
over a 2-bay cocling tower, and a portion 
of the circulating water is diverted 
through the blowdown tank to maintain 
the level. The cocling tower was not de- 
signed to handle the instantaneous heat 
load, but rather the average heat lcad, 
the volume of water in the system acting 
as a flywheel or heat reservoir. 

When the coke bed has been cooled 
to 200-300° F. the cooling water is cut 
cut and the drum drained. It is then ready 
for the decoking crew to start blinding 
off, opening the heads, and removing’ the 
coke. 


Operation of Decoking Equipment 


After a drum is cooled and drained the 
lines leading to the drum are blinded and 
the manheads removed. With the crusher 
car positioned under the drum, the boring 
is begun with the stem rotating at about 
8-10 rpm. The drill is lowered as fast as 
possible without allowing the boring tool 
to actually touch the coke bed. Normally 
about 15 min. are required for the high 
velocity water to cut a hole through the 
coke. Scme water leaks through the bed 
while drilling, but the majority is held up 
in the drum until the tool breaks through 
at the bottom. In the meantime the coke 
pump is started up and water alone is dis- 
charged through the coke line to the stor- 
age area until the boring operation is 
completed. 

After the boring is completed, the 
reaming tool is moved slowly up and 
down until the hole has been enlarged 
to about 6 ft. in diameter. This opera- 
tion requires from 45 min. to 2 hrs. 

After reaming, the cutting tool is in- 
stalled and the final cutting is begun 
with the drill stem rotating at about 5-10 
rpm. The coke is cut from the top of 
the bed and falls down through the 
hole into the crusher car. It is usual to 
lower the tool about § in. at a time and 
rotate it for 2-3 min, before again lower- 
ing. Every 5-10 ft. the jet is shut off 
and the drum inspected for cleanliness. 
It has been found necessary to remove 
the coke completely on the way down 
since any ledges left behind for later 
removal will frequently fall into the 
crusher car and plug up the top grat- 
ing or will bridge across the bottom of 
the drum. 

Occasionally the coke is cut from the 
drum at such a rate that the coke pump, 
operating at medium speed, will not 
handle it. When this occurs the cut- 
ting rate is lowered by reducing the 
depth of cut until the excess coke is 
pumped away. The pump can be set 


to pump at a faster rate, but it is felt 



























Coke is removed from the coke drums 
by water jets, which cut it up into 
pieces small enough to fall down 
through the drum and into this crusher 
car beneath the drum. Here the pieces 
are broken down to a maximum di- 
mension of 5 in. and fed into a sluice 


that a good average speed has been fixed 
which does not unduly delay the coking 
and which does not pump too much 
water when the cutting rate is lowered 
as hard coke is encountered. It is also 
possible to cut coke so fast that the re- 
sulting large chucks cannot be handled 
by the crusher. 


With proper care in cutting the chunks 
can be eliminated, but it is easily pos- 
sible to cut the coke faster than the 
crusher can handle it, The 18-in. grat- 
ing added 2 ft. from the top of the 
crusher car hopper protects the rolls 
from damage should large chunks in- 
advertently fall from the drum. It also re- 
tains the chunks where they can be manu- 
ally broken up. When the coke is mod- 
erately hard the time required from 
the beginning of the boring until the 
drum is completely clean averages about 
6% hrs. This corresponds to an over- 
all coke removal rate of about 0.7 tons 
per min, Considering the time consumed 
in changing tools, inspecting the drum, 





TABLE 3—Log of a Typical Drum Cycle 


Elapsed 
Time 
Hours Operation 
0.0 Switch oil stream to clean drum. 
Steam full drum to bubble tower. 
0.5 Stop steam to bubble tower, steam 


to blowdown. 
0.75 Stop steaming, start cooling with 
water, 
2.75 Stop cooling, start draining water, 
blinding and unheading. 
4.0 Start decoking. 
11.0 Finish decoking, start heading up 
and removing blinds. 
12:5 Steam test. 
13.0 Finish steam test. 
18.0 Start heating. 
24.0 Switch in oil stream from full drum. 
- 48.0 Switch oil stream to clean drum. 
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Delayed Coking 








etc., the maximum coke removal rate 
is probably in excess of one ton per min. 
When the drum is completely clean 
the transfer line and condensate line 
are inspected and cleaned if necessary, 
the steam out valves are blasted with 
steam and the drum heads are replaced. 
After removing blinds and steam testing, 
the drum is ready for heating prior to 
another 24 hrs. of coking service. 


Operations in Coke Storage Area 

The coke-water slurry discharges onto 
an inclined chute, the bottom of which 
is made of 6-mesh steel screen. The 
majority of the coke rolls down the 
screen while the water, together with 
all material below about 20 mesh, passes 
through the screen and down a solid 
chute to a temporary settling pond, 
which is retained by a coke dike. A 
number of pipes are embedded in the 
dike and the water overflows through 
the pipes into a drainage ditch which 
leads to the secondary settling basin. 
The coke which rolls off the screen is 
moved by a bulldozer into piles from 
which it is loaded onto trucks, 

This arrangement for separating the 
water from the coke is femporary and 
was devised after our original efforts 
along the following lines were unsuccess- 
ful. Originally it was planned that the 
coke would be piled in a circular dike 
of such proportions that the coke and 
water from one drum cleanout would 
be retained behind the dike. It was ex- 
pected that the water would filter off 
promptly to permit moving the coke out 
of the way with a bulldozer to make 
room for the next cleanout. However, 
the quantity of water (about 1,500,000 
gals.) and coke from one cleanout was 
so great that we had difficulty building 
a dike large enough to contain it. Fur- 
thermore, the fines content of the coke 
plugged the pores of the dike so that 
3-4 days were required for the water 
to filter out. 

A permanent coke-water separating in- 
stallation is under consideration which 
consists of a screen chute, a series of 
hoppers which can be used for loading 
trucks, and a primary settling basin which 
can be easily cleaned of coke. 

Presently, a loading crane is used to 
move the coke from the pile to the 





TABLE 4—Operating Conditions and 
Yields for Coking Unit 
Operating Conditions 


Reduced crude charge, b/d....... 15,000 
Furnace charge, b/ d............ 20,000 
Recycle/fresh feed ............. 0.33 
Furnace outlet temp., °F. ....... 920 
 , e 900 
Drum outlet temp., °F. ......... 830 
Drum pressure, Ibs. ......... io: ae 


Visc. of fresh feed, sec. SF/122... 700 
Yields 

0 Pe rr 

Raw B-B, liq. vol., %........... 0.8 


Debutanized gasoline, liq. vol., %.. 22.5 
Light gas oil, liq. vol., %......... $6.5 
Medium gas oil, liq. vol., %....... 16.7 
Coke (by difference), wt. %....... 19.1 
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hauling trucks. The load is measured by 
weighing and delivered to the Great 
Lakes Carbon Corp. 

To return to the water cycle, two 500,- 
000-gal. secondary settling basins have 
been provided to permit the deposit re- 
moval from one while the other is in 
settling service. These basins are lo- 
cated at each end of a 3,000,000-gal. 
storage pond, into which they overflow 
through submerged pipes. The pipes are 
so located as to leave both the settled 
and floating fines in the secondary set- 
tling basin. The relatively clean water 
from the storage pond is returned to a 
surge tank in the unit area by two 
vertical deep-well pumps. The jet 
pumps, the drum cooling water pumps, 
the sluice water, and the automatic make- 
up water to the coke-slurry pump suc- 
tion pit are all supplied from the surge 
tank, 

Make-up water is supplied to the sys- 
tem from the Los Angeles Metropolitan 
Aqueduct System, or from the refinery 
wells. Tentative plans have been made 
to utilize the effluent water from the 
refinery waste water system for this pur- 
pose. 


Operating Conditions, Yields 


Presently the unit is charged with 700 
sec/SF/122 straight-run residuum from 
Wilmington crude at a rate of 15,000 b/d, 
which effects a recycle to fresh feed ra- 
tio of 0.33/1. The 20,000 b/d charge 
to the furnaces is heated to 920° F. 

The bubble tower is operated to pro- 
duce gasoline with an endpoint of 380° 
F., light gas oil with an endpoint of 650° 
F., and medium gas oil as necessary to 
maintain a level in the bubble tower 
bottom reservoir. No heavy gas oil is 
being removed. In the stripper tower 
the gas oils are stripped to a flash point 
which makes them suitable for use as 
cutter stock, although at the present 
time the light gas oil is used as TCC 
charge. Tests are being made to test 
the feasibility of also using the heavier 
gas oil in TCC charge. 

Under the above operating conditions 
yields were obtained as given in Table 
4. Additional operating conditions have 
also been tabulated. 

It is rather difficult to accurately deter- 
mine coke yields. Because of varying 
coke density, measurements by coke 
drum levels do not appear to be too 
reliable. The above difference method 
includes in the coke yield any gains or 
losses in the process, The yields can 
be roughly checked by means of the 
weighed haulings which approximate 500 
tons per day. 

It is likewise difficult to obtain rep- 
resentative coke samples. Samples ob- 
tained show approximately 0.25% ash, 
9% volatile matter, and a screen an- 
alysis satisfactory for its intended use. 

As would be expected with this type 
of process, the high sulfur Wilmington 
residuum charge yields a gasoline with 
an appreciable sulfur content. This sul- 








fur content and the olefinic content of 
the gasoline are sufficient to require 
sweetening and rerunning. Clear octane 
numbers in the neighborhood of 70 (mo- 
tor method) are obtained with an octane 
spread of 8 or better. Lead susceptibility 
is fair and commensurate with the sul- 
fur content. 

Because of the desulfurizing charac- 
teristic of the TCC process, the coker 
gas oils have proven to be quite satis- 
factory as TCC charge stock despite their 
sulfur contents. The 650° F. endpoint 
light coker gas oil, when charged to the 
TCC units (bead catalyst) with a 1:1 re- 
cycle ratio, yielded 41% of 400° F. end- 
point debutanized gasoline. Further- 
more, an octane level of 79 M. M. clear 
and an octane. spread of 10-12 points 
make this operation look quite attractive. 


The low raw B-B yield is a result 
of the large gas yield from the bubble 
tower reflux accumulator which carries 
with it the bulk of the C, production, 
The total gas yield amounts to 8,000- 
9,000 Mcf/day. The dry gas after ab- 
sorption amounts to some 7000 Mcf/day, 
which is just double the requirements at 
the coking unit furnaces. The excess 
3,500 Mcf/day represents an appreciable 
contribution to the other refinery units’ 
demands. 


Effect of Operating Variables 


Our operating time has been far too 
short to establish the effects of operat- 
ing variables. Nevertheless, some indi- 
cation of their effect has been obtained. 
Increased viscosity of the charge appears 
to shift the gasoline and gas oil pro- 
duction slightly toward more gas and 
coke, Furnace outlet temperature changes 
through the range 910-920° F. also had 
little effect on gas and gasoline yields; 
however, gas oil production increased 
with a decrease in coke yield. Reducing 
the recycle ratio shifted the yields from 
coke to the gas oil and lighter products. 


From the above indications it appears 
that any benefit that may be derived 
from a high removal of straight-run gas 
oil from the charge is not appreciably in- 
validated by lowered coker yields. Yields 
may be varied extensively by manipula- 
tion of the recycle ratio and higher fur- 
nace outlet temperatures may be feasible. 


Unit Flexibility 


The unit is quite flexible in that it 
can be used either as a coker, a vis- 
breaker, or any combination of these 
two. For any operation other than full 
coking a higher inlet to the coke drum 
would be used. The rate of residuum 
withdrawal from the bottom of the drum 
would determine the amount of coking 
permitted. In a full visbreaking opera- 
tion, it is also possible to charge the 
fresh feed directly to the furnace along 
with the recycle. Under this arrange- 
ment, the residuum would be removed 
from the bubble tower bottom and the 
recycle from the bottom draw. 
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Automatic Purifier for Absorber Oil 


Adapted from Commercial Oil Heater 


T= problem of keeping absorber oil 
clean can become a major expense 
item in the operation of a natural gasoline 
plant or gas recovery system. Dirt of all 
kinds, compressor oil and other impurities 
are picked up in the gas stream and con- 
taminate the absorber oil. Since these 
products are usually not volatile they re- 
main in the oil, increase its viscosity and 
end point, coat surfaces of heat exchange 
equinment and restrict flow through trans- 
fer lines. 

Warren Petroleum Corp. has adapted a 
commercially obtainable oil heater, often 
used on leases in connection with gun- 
barrels and emulsion treaters, to auto- 


matic purification of absorber oil in sev- 
eral of its plants. The only expense, after 
is for fuel gas and infre- 


installation, 





Photo courtesy J. F.. Pritchard & Co. 


quent operator attention for periodic 
draining of “muck.” 

The device consists of a cylindrical 
vessel, mounted vertically. Near the bot- 
tom is located a bundle of hairpin tubes, 
connected to a stack and direct-fired with 
natural gas as shown in Fig. 1. Heat is 
maintained at the desired rate by a ther- 
mostat mounted opposite the tubes. The 
thermostat actuates a pilot valve, per- 
mitting natural gas to open a diaphragm 
valve also connected to the fuel gas sup- 
ply; this in turn actuates the main-line 
diaphragm valve (throttling type) con- 
trolling fuel flow to the burner. 

The unit is fed by a lean oil sidestream 
from the stripping still; quantity is con- 
trolled either with a liquid level con- 
troller or by a manually-operated throttl- 
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ing valve. The vaporized oil is taken over- 
head through a trap filled with crushed 
firebrick or similar material, which separ- 
ates any entrained mist from the oil 


vapors. The purified oil then is con- 
densed, cooled ard retuned to the lean 
oil surge drum. 

A manually-opeated drain is opened 
periodically to remove heavy ends ac- 
cumulating in the heater. Frequency of 
draining depends entirely on the indi- 
vidual plant and extent of contaminating 
sources contacted by the oil, 

In the latest installation of this device 
near Holliday, Texas, the purifier is 6 ft. 
in diameter by 7 ft. high. Temperature is 
maintained at 460-480° F. and approxi- 
mately two to four gpm of hot lean oil is 
charged to the purifier. Since this is a new 
plant, contamination is quite low and the 
unit is drained but seldom. 

Cost of the heater, according to the 
equipment manufacturer is approximately 
$660. It comes equipped with thermo- 
static control of fuel but does not include 
the mist extractor, which can be field- 
fabricated out of an old piece of pipe. 





Drain Petcocks on Motor Casing 
Cut Failures from Dampness 


XPLOSION-PROOF motors are man- 

datory in many locations in most re-' 
fineries. Republic Oil Refining Co., Texas 
City, Texas, has had particular trouble 
with water condensing in a transfer pump 
drive on intermittent service. 

This motor, a 2300 v., 1750 r.p.m., 400 
h.p., explosion-proof is located below 
ground level in a brick building whose 
walls frequently “sweat” in the damp 
Gulf Coast air. It has been out of service 
several times through coil-failure and, 
each time, has been found with the outer 
casing full of water to the ports although 
at no time has it been under water. 

The motor, presently out of service due 
to a bent shaft, is being equipped with 
petcocks in the bottom of the outer cas- 
ing at each end. Operators will be in- 


structed hereafter to drain the motor be- 
fore each time it is started to prevent 
water accumulating and possibly leaking 
through into the insulated windings. Un- 
fortunately this motor cannot be run con- 
tinuously, which would prevent moisture 
condensation in the casing. 


Fig. 1—Photo at left shows purifier for absorber oil adapted by Warren Petroleum - 
Corp. from a commercially available oil heater. At right is a diagram of the unit. 
Oil is purified by vaporization, leaving “muck” behind for periodic disposal. Small 
vessel on top is a “mist extractor” made from an old piece of large diameter pipe 
and filled with crushed fire-brick. Small pipe on left side of purifier is the ther- 
mostatic control leading to the gas burner on the right side of the purifier 
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Continuous Inspection Record Form Helps 


Minimize Forced Shutdowns in Refinery 


ITEM | SIZE 
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Fig. 2—Continuous rec- 
ord form used in cor- 
rosion inspections. Ac- 
tua! full size is 11 x 271/2 
in. As indicated by 
shaded rectangles, fur- 
nace tube 48 was pulled 
out of service in Dec., 
1944, because the LD. 
had reached the limit 
for that particular tube. 
Correspondingly, tube 
49 came off in May, 1944, 
for the same reason 


T° LEARN how frequent inspections 
of equipment should be made and to 
minimize forced shutdowns because of 
corrosion, one large refinery has set, up 
and maintains accurate continuous records, 
based on data from field inspection re- 
ports. An important and helpful feature 
of the system is the use of color identifica- 
tion code in the forms for type of ma- 
terial used. 

A sample of the record form used is 
shown in Fig. 2. This record is kept in 
the Engineering Inspection Division 
office and field data is transferred to it 
at times of general or turnaround inspec- 
tions. 

Items are identified as follows: Furnace 
tubes by number and size, towers and 
drums as to test hole location, and piping 
as to number, type and size. 

Field inspections are made by means 
of the field sketches shown in Figs. 3, 4, 
and 5. Copies of these field sketches are 
stapled to the appropriate sheet in the 
continuous record book for complete 
identification purposes. 

The field inspector on each particular 
unit records the desired data for each 
item. The identifying number is stencilled 
on the part itself and corresponds to the 
number on the field sketch. 

In the case of the furnace tube layout, 
Fig. 3, each tube is assigned a number. 
Test hole locations are shown on the 
water wash drum, Fig. 4. Each piping 
item in Fig. 5 is also assigned a number. 
Wherever possible, in the case of tubes 
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Fig. 4—Field sketch of wash drum, alkylation 
plant. 


Numbers indicate test hole locations. 
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Fig. 3—Layout for pipe still furnace tubes, tower side. In this typical field 

sketch. each tube is assigned a number; however, for simplification only 

a few numbers are shown here. The numbers run consecutively in the 
direction of the flow 
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Test holes are* placed so as to give data on 
each sheet and each head, and under both 
liquid and vapor phase conditions 
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Fig. 5—Layout of vapor phase inlet piping. Each 
piping item is numbered consecutively in the 
direction of flow 
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FOLLOW THROUGH = 


applies in the storage tank business, too! 
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at Hammond mean by Follow & Ad eS 
Through. 





How well Hammond erection crews and engineers 

FOLLOW THROUGH is best told by two buyers of 
"HAMONDTANKS" . . . quotations from their letters 

are reproduced here . . . these comments were unsolicited 
and of course the names of the writers may be had on request. 


You can depend upon HAMMOND for the FOLLOW THROUGH 
which means storage tanks, soundly built and ready for service 
on schedule. 


‘ 


TT 


Warren, Pa. 





HAMMOND designs, fabricates and erects tanks of all types for 
liquid and dry storage . . . above or below ground .. . high or low 
pressure ... cone roof... HAMMOND SPHERE ... floating roof... 
VAPOR-LIFT . . . spheroid ... GLOBE ROOF PRESSURE ... gas holder... 
also stainless and stainless-clad vessels of all types and designs j 
for the petro-chemical industries. | 


NEW YORK @ BOSTON e@ PITTSBURGH @ AKRON 
DETROIT @ CLEVELAND @ CINCINNATI @ RICHMOND 
CHICAGO @ ARGENTINA; ‘‘TIPSA’’, BUENOS AIRES 
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or piping, the numbers are arranged con- 
secutively to correspond with the flow. 

In the case of tubes, the data is in- 
side diameter in hundredths of an inch. 
When the I.D. reaches a predetermined 
maximum, the item is replaced. In the 
cases of drums, towers, and piping, the 
determining data is thickness in thirty- 
seconds of an inch. When the thickness 
reaches a predetermined minimum, the 
part is replaced. 

Test holes are placed in drums and 
towers, to obtain pertinent data on each 
sheet and each head, and to cover condi- 
tions under both liquid and vapor phases. 
Additional test holes. may be drilled later 
where points of excessive corrosion are 
discovered. 

So as to readily identify the types of 
ferrous and non-ferrous materials in serv- 
ice on any particular unit, a standard color 
scheme has been devised and is shown in 
Table 1. In actual practice, when a re- 
newal of any item is made, the color cor- 
responding to the type of material is 


TABLE 1 — Color Identification Code 
for Materials to be Inspected 
(In actual practice, the color corresponding to 


the type of material is blocked in the appropri- 
ate rectangle of the record form shown in Fig. 2) 


Material Identification 
Carbon Steel Yellow 
Carbon Moly Green 


DM-1-%4% Chromoloy Blue 

2% Chromoloy Violet 

2-4%2% Chromoloy Red & Blue 
4-6% Chromoloy Red 

9% Chrome 1-%% Moly Yellow & Blue 
11-13% Chrome Green & Violet 


KA2S (18-8 Stainless) Brown 

Silmo Blue & Violet 
Sicromo 2 Red & Green 
Acrosil Red & Yellow 
Hastelloy Green & Yellow 
Admiralty Orange 
Antimonial Admiralty Orange & Green 
Red Brass Orange & Violet 


Arsenical Admiralty 
Tellurium Lead 


Orange & Brown 
Green & Brown 


Monel Orange & Blue 
Aluminum Bronze Orange & Black 
18-8 Moly Brown & Violet 


70-30 Cupro Nickel Orange & Red 


blocked in the appropriate rectangle of the 
coatinuous record form with colored 
peacul. Subsequent measurements of this 
item are then recorded in the same color, 
except in the case of carbon steel. Since 
it is impractical to use yellow for this 
purpose, regular ink or black pencil is 
used. 

With the aid of this color scheme, it is 
possible to tell at a glance the type of ma- 
terial in service at any particular loca- 
tion. The use of such continuous records 
offers several advantages: 

1. They enable the inspector to deter- 
mine the frequency of inspection. 

2. They provide a simple means of de- 
termining the corrosion rate. 

3. Forecasts for replacement and repair 
of materials can be made with reason- 
able accuracy so that materials may be 
ordered in advance and be on hand when 
needed. 

4. Knowing the corrosion rate, a basis 
is provided for economic justification of 
alloys of corrosion-resistant materials. 





Loading Platform Efficiency Increased 


With Installation of Centrifugal Pumps 


N-LINE pumps which require no 

foundation and are an integral part of 
the line are used in the truck loading sta- 
tion at Republic Oil Refining Co.’s Texas 
City refinery. 

The centrifugal pumps have been of 
particular advantage since they do not 
require loops and bends, and they are 
mounted on the pipe with simple flange 
connections instead of the conventional 
concrete foundation. 

Trucks can pick up three grades of 
motor fuel; 100-octane gasoline, Diesel 
fuel and iso- and normal-butanes. Natural 
gas is available to purge tanks. Provision 
is made to load four or more tank trucks 
simultaneously, All pump controls and 
meters are located on the platform. 

The pumps are piped to serve as cir- 
culating mixers as well as transfer pumps 
whenever desired. This arrangement also 
is shown in Fig. 6. When mixing, the 
operator closes the transfer-line valve and 


Fig. 6—Typical plan and elevation for 
installation of in-line centrifugal pumps, 
which serve both for circulation mix- 
ing and product transfer at Repub- 
lic’s truck loading station. Besides re- 
quiring no foundation for installation, 
these in-line pumps increase loading 
efficiency and simplify maintenance 


opens the jump-over valve, diverting 
pump discharge from the transfer to the 
fill-line, which is blocked to prevent dis- 
charge back to the blending house. 

Only one objection has developed to 
the pumps since the new loading rack 
was commissioned. The pumps are silent 
and vibrationless. As a result they have 
been carelessly left running several times 
and damaged from excessive heat, since 
all lines were blocked. Consequently it 
has been necessary to install pilot lights 
on the loading platform to remind opera- 
tors to turn them off when loading is com- 
pleted. 

Another advantage of these pumps ac- 


cording to company engineers is simplified 
maintenance. It is only slightly more diffi- 
cult to remove the 165-lb. assembly from 
the line than to remove a spool or gate 
valve. Eight bolts take it off or put it on 
the line. Removal of eight more bolts 
gains access to the interior for main- 
tenance, 


Since the motor is totally enclosed 
(fluid pumped flows on all sides of the 
stator) it is drip, splash, and explosion 
proof, and is cooled by the liquid pumped. 
Hence it is located in this installation just 
outside the fire-wall surrounding bulk 
storage where it requires—and receives— 
little attention. 


In the present installation these pumps 
handle only gasoline. The butanes and 
Diesel fuel are supplied from previously- 
existing facilities and simply transferred 
to the new loading rack, as shown in 
Fig. 6. 
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Santolube 395 protects bearings both by stabilizing the oil and by deactiva- 
tion of the metal bearing surfaces, rather than by coating the bearing surfaces 
with a protective chemical layer. 


Consultation Service Available . . . Based on extensive engine-laboratory 


tests, Monsanto is prepared to recommend the correct addition agent for MONSANTO 
compounding oils with any desired inhibitor-detergent ratio. Submit your 


additive-blending problems to Monsanto Chemical Company, Petroleum 

Chemicals Division, 1700 South Second Street, St. Louis 4, Missouri, or con- CH EMICALS 
tact the nearest Monsanto District Office . . . District Offices: New York, 
Chicago, Boston, Detroit, Cleveland, Charlotte, Birmingham, Los Angeles, 
San Francisco, Cincinnati, Montreal, Toronto. *Reg. U. S. Pat. Off. 
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PETROLEUM PROCESSING, January, 1947 


Plant Practices 









Air and Water Scrubbing Treatment 


Effectively Cleans Fractionators 


By RAY ELO, Process Supt., 


A* AIR and water scrubbing treat- 
ment to loosen and remove scale and 
other dirt, following the usual steaming 
and flushing procedure for purging, has 
been found a simple but effective way 
for cleaning fractionating towers. The 
procedure was developed by John Weg- 
horn, catalytic polymerization plant still- 
man at the Latonia Refinery of Sohio Pe- 
troleum Co. 


After the tower has been flushed in the 
normal manner, the water is dropped be- 
low the top manhead, which is the 
opened up so that dirt to be removed can 
be flushed out without fouling the con- 
densing system. 


Compressed air is then admitted to the 
base of the tower through a gage or sight 
glass connection. Water is also turned on 
into the tower base at the same time. The 
air stream is kept on for several minutes 
and then turned off. Water continues to 


Sohio Petroleum Co. 


flow through the tower at all times, and 
after several minutes of overflowing the 
air is turned on again. 

This procedure is repeated until water 
coming out of the tower is relatively 
clean and there are no signs of dirt still 
being removed. Then the water can be 
dropped out and the tower opened for 
inspection, 

The cleaning action of this process 
can be explained as follows. When the 
air enters the tower it pushes the water 
through the trays at a relatively high 
velocity and a very high turbulence. As 
a result, considerable quantities of foreign 
matter is loosened and carried out of 
the tower by the water. 


The system is effective in cleaning 
towers that contain catalyst and char- 
coal. Although it does not remove all 
dirt, it removes enough so that other clean- 
ing operations are held to a minimum. 





Machine for Cleaning Rust, Sediment 
From Tank Bottoms Built for $25 


A TANK cleaning and buffing machine 
was invented by a tank foreman for 
Humble Pipe Line Co., at Longview, 
Texas, to replace hand-cleaning tank bot- 
toms of rust and sediment. The machine 
can be built largely from scrap material, 
at a total cost of about $25, including 
labor. 


The machine, built by Robert Hines, 
is illustrated in Fig. 7. It consists of a 
welded frame of angle iron carrying an 
air motor which was borrowed from a 
hand reamer to drive a large buffing 
brush. A small tail-wheel and a handle 
of convenient length completes the de- 
vice. It occupies a space about two feet 
square and stands less than two feet high. 
The air motor can be removed in a few 
minutes for return to its regular job. 

The buffing brush is made of a dozen 
6-in. standard steel brushes, mounted o» 
a steel rod which serves as a shaft. To 
one end of the rod is attached a 4-in. 
pulley, driven by V-belt from the 3-in 
pulley on the motor. A steel strap, formed 
to fit the body of the motor or straight 
as preferred, is bolted to the frame to 
hold the motive power firmly, and a large 
U-bolt holds the motor down at its busi- 
ness end. The handle, of %-in. pipe, is 
made with a horizontal bar for converi- 
ence in handling the machine and o~ 
which to loop the air hose to keep it out 


22 


of the way. It is welded to the carriage. 


Company officials consider the ma- 
chine does a better cleaning job than can 
be done by hand, and more quickly since 
it cleans a swath about a foot wide at 
each pass, The operator is not nearly so 
tired as when using the hand methods, 
does a better job more quickly than 





IDEAS—W anted! 


Plant operators, foremen, su- 
perintendents—Send in your own 
original contributions on “how 
we do it around our refinery”. 
Possible subjects could include 
operating shortcuts, time and 
money-saving gadgets, repair 
ideas, inspection procedures, 
accident and fire prevention 
schemes — anything which has 
made your refinery more effi- 
cient, safer, and easier to run. 
Include photographs, drawings, 
or sketches, if available. 

Material submitted for publi- 
cation exclusively in Petroleum 
Processing is paid for at the 
usual space rates. The idea is 
the thing — we'll dress up the 
drawings and the written. in- 
formation. Send your contribu- 
tions to: 


Plant Practices Editor 
PETROLEUM PROCESSING 
1213 West Third St., 
Cleveland 13, Ohio 











formerly. Because its weight is largely 
supported on the rapidly revolving brush 
in front, it shows up pits in the tank 
bottom that are not normally found with- 
cut using chipping chisels. A much bet- 
ter bond between steel and primer is at- 
tained than was noted with hand-clean- 
ing methods. 


The machine is not intended or success- 
ful for removing asphalt, grease or hard 
scale from tank bottoms. 


Submitting his idea in Humble’s Coin- 
Your-Ideas program won inventor Robert 
Hines $200 in awards. 
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Fig. 7—Elevation view of tank cleaning machine, built largely from 
scrap for $25. The device uses an air motor to drive a steel buffing 
brush, and does a better job in less time in cleaning tank bottoms 
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UTOPIA—No Refinery Fires 
No Lost-Time Accidents 


By F. J. SLUZE, Safety Director 
Ashland Oil & Refining Co. 


I S there a refinery with a perfect safety 
record? 

No, of course there isn’t in real life. 
The refinery in Utopia, however, being 
operated by Utopians, undoubtedly had 
a Safety Program which would go a 
long ways towards achieving the desired 
100% safety record, if faithfully prac- 
ticed, even in this land, of hard realities. 

So let’s make an inspection of Utopia 
Refinery, Let’s find out how they do it. 
We first examine the plant’s accident 
record. It shows no accidents or fires 
during the entire history of its operations. 
“Unbelievable!” you say. Yes, but cer- 
tainly not impossible. 

Like most refinery inspectors, we start 
at the entrance gate. The guard on duty 
inspects us for badges, credentials, iden- 
tification, and the like. Finding every- 
thing in order, he makes out our passes. 
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Utopians don’t smoke in their refinery 
—except in the established smoking 
room, located safely away from hazards 


As we enter the main gate, our attention 
is attracted to the main bulletin board. 
Notice that it is well posted, neat, not 
too crowded, well lighted, and kept im- 
maculately clean. 

Just inside the gate we see a sign 
reading “No Smoking Allowed Except 
in Smoking Room”. We visit the estab- 
lished smoking room, and find it situated 
a safe distance from the operating area, 
and fire resistant in construction. Look- 
ing about the room, we see that recep- 
tacles have been provided for cigarette 
butts and pipe “dottle”. An electric light- 
er has been furnished to discourage the 
carrying of matches. 

Now we wend our way up the refinery 
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road, We can’t help noticing that the 
plant is neat and clean. Good house- 
keeping seems to be the first order of 
business—“a place for everything and 
everything in its place.” 

As a precaution against motor vehicle 
accidents, all employes walk on the left 
side of the road so they can face the 
oncoming traffic, Signs have been posted 
warning drivers of the speed limit and 
cautioning them to use their horns. 

On our right is the material storage 
yard. We see that pipe is systematically 
and neatly stored according to size and 
kind. Each tier is snubbed to prevent 
rolling. Uniform sized boards are used 
to separate tiers. How could a man be 
hurt here? 

A lot of inspecting still to be done, so 
we move on down the road to the car- 
penter shop. Here we find that new 
lumber is stored in bins according to 
size. Old lumber is stored in piles ac- 
cording to size—with all nails pulled 
out or bent down. Looking around the 
shop, we find that power saws are 
equipped with guards that protect the 
hands and fingers. 

Back home we knew many an “ex- 
pert” carpenter who has told us he 
couldn’t possibly work with a guard on 
his saw, that he couldn’t possibly turn 
out good work with a guard on his saw. 
We question one of the carpenters here 
at Utopia Refinery. “Doesn’t stop me 
from turning out work to a perfection,” 
he answers, “as a matter of fact, if I 
didn’t use a guard, I'd soon have an 
accident. Then it would be impossible 
for me to turn out any kind of work.” 

We also find that the power saw guard 
is equipped with a safety dog that pre- 
vents lumber from kicking back while 
going through, Joiners and planers are 
also provided with guards. A container 
is on hand to collect sawdust and shav- 
ings. 

Proceeding on our way through the 
refinery, we come across a gang of men 
digging out a concrete foundation, The 
man operating the jack hammer, as well 
as every other man in the vicinity, is 
wearing his goggles for protection against 
flying chips of concrete. From the look 
we get from one of them, we're glad 
we're wearing the lightweight goggles 
the refinery management lent us just 
before we began our inspection trip. 

Next comes the machine shop. Here 
we find the lathes, drill presses, and 
work benches arranged in systematic, 
orderly fashion. Exit doors ace cleer of 





Sir Thomas Moore’s account of 
the Mythical Island where the in- 
habitants lived in the enjoyment 
of social, political and industria! 
perfection, inspired this story 











obstructions. Aisles are ‘painted with 
bright lines to discourage disorderly 
placing of materials. The floor is clean 
and free of scraps, oil, grease, and water. 
Only tools in active use are in evidence; 
all other tools are in the tool room. 

Non-spark tools are kept segregated 
from standard tools. Defective or con- 
demned tools are kept in a special place 
for repairs or disposal. This prevents the 
tool room attendant from issuing them 
by mistake. 

Oh! Oh! The man over there just 
spilled some oil (To ourselves we think 
“We knew this joint couldn’t be per- 
fect!) Our mistake, he fooled us. He im- 
mediately stopped and cleaned it up. 

Notice that all machines are properly 
guarded to prevent fingers, hand, or 
arm being caught in moving parts, Notice 
also that all grinding wheels have a per- 
manent glass shield to protect persons 
who are using the wheel. 

We now take a look inside the tool 
room. Let’s examine some of the tools. 
All the hammers have proper faces, and 
the handles are securely wedged and 
have round, smooth surfaces. Chisel 
heads have been dressed to eliminate 
mushrooming, while the tool end_ is 
neatly sharpened. 

There’s a man at the window receiv- 
ing some tools. Note that before he signs 
a slip for them, he inspects the tools 
for safe condition. Being satisfied as to 
their safety for his use, he accepts them 
and goes to his job. 

Thus far our inspection trip has cov- 
ered only a part of Utopia Refinery. In 
future issues we'll inspect conditions and 
practices of a specific nature, such as 
welding, pipefitting, tank cleaning, and 
cracking plant cleanouts. 





TOOL RQQM 





If the tools offered Utopian maintenance 
man aren’t safe, he doesn’t take them. 
Unsafe tools cause accidents 
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Patent Trends in Petroleum Refining 


By Peter J. Gaylor 


Patent Attorney and Editor “The Technical Survey” 








Developments disclosed in the patents reviewed below include: 


A method for the removal of salt together with a substantial part of the water 


in crude as it comes from the well. 


The use of unsaturated petroleum hydrocarbons as rubber extenders. 


Preventing of foaming in alkali treating operations. 


A method of producing larger amounts of amylenes from pyrolytic process. 


Canadian process for producing trimethyl pentanes by alkylation of isobutane. 


Oil Desalting and Dewatering 


B* ADDING water and a suitable gas 
(usually propane) under pressure 
and then reducing the pressure, a removal 
of salt in crude oil as it comes from the 
well can be effected together with a 
substantial part of the water present in 
the oil. The addition of heat at suitable 
points and the use of a suitable alkali has 
been found to aid the removal. This 
method is described in Phillips Petrole- 
um Co.’s U. S. patent 2,410,970. 


A flowsheet of the process is illustrated 
in Fig. 1. Crude oil containing salt and 
water enters the system through pipe 1 
and is raised in pressure by means of 
pump 2, after which it flows through heat 
exchanger 4 where it is heated, and then 
passes into mixer 6, after being blended 
with gas or vapor, coming in through 
line 7, and water containing caustic soda 
or other alkali, coming in from line 8. 


Mixer 6 in a centrifugal pump which 
blends the oil and added materials into 


a fine mixture, although too fine a mix- 
ing has been found undesirable with 
certain crudes. Thereafter, the mixture 
is passed into heat exchanger 10 where 
it is heated to a still higher temperature. 
From this operation, the mixture is re- 
leased into separator tank 12, where it 
is ejected through spray nozzles 17 into 
the water phase 16 heated higher with 
heating coils 13. 


The pressure in separating tank 12 is 
reduced, so that gas and vapor are liber- 
ated during the spraying operation, re- 
sulting in the formation of three phases 
which separate and are drawn off sepa- 
rately, the gas through line 20, desalted 
crude oil through line 19, and aqueous 
layer off the bottom through line 18. 


The amount of water added through 
line 8 is generally equal to the vclume 
of oil treated, while the amount of alkali 
used with usual oils is about one pound 
per 16,000 pounds of oil. Propane is 
usually the gas supplied through line 7 
at a rate of 5-100 Ibs. per 300 Ibs of oil. 
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Fig. 1—Flowsheet for Phillips Petroleum Co. process (U. S. patent 2,410,970) for re- 
moving salt and water from crude oil by adding water and a gas under pressure 
and then reducing the pressure 


PETROLEUM ProcessINc, January, 1947 


Rubber Extenders 


OME unsaturated petroleum oils 

have the property of reacting with 
sulfur to give a vulcanized product re- 
sembling rubber, and such materials, 
known as “vulcanizable unsaturated hy- 
drocarbon products”, are milled in with 
rubber as rubber extenders. 


DuPont has described, in its U. S. 
patent 2,410,839, the preparation of 
such unsaturated products containing 
about 90% carbon and 10% hydrogen, 
corresponding to the general formula 
(C,H,),, with molecular weights of 
about 300-1000, usually around 400. 
They have a reddish-brown color and are 
generally oils of high viscosity or resin- 
like substances at ordinary temperatures. 
Their specific gravities are usually greater 
than 1.0 and their boiling ranges are 
between 160°-380° C./12 mm. They also 
possess very low viscosity indices. Iodine 
numbers are usually low, below 60, 
and complete solubility in concentrated 
sulfuric acid is another characteristic. 


These unsaturated hydrocarbons are 
generally associated with substantial 
amounts of paraffinic hydrocarbons, par- 
ticularly in lubricating oil extracts. They 
are isolated by extracting the solvent 
extracts with a mixture of heptane and 
furfural, heating until all components 
are in solution, cooling until stratification 
occurs, and then drawing off the furfural . 
layer containing the unsaturated hydro- 
carbons which are removed from the sol- 
vent by distillation. 


Alkali Treating Hydrocarbons 


HERE are many operations in the 

refinery in which alkali is employed, 
mainly for the removal of small quanti- 
ties of weak acids or acidic compounds 
present. Caustic treating, solutizer ex- 
traction, extractive distillation and treat- 
ment with alkaline copper solutions are 
examples. In such cases, foam and/or 
emulsions often occur which greatly 
reduce maximum throughput of the unit. 
The nature of the substances responsible 
for the difficulties has not been definitely 
established, although it is believed that 
small amounts of impurities are responsi- 
ble, such as compounds related to gaso- 
line gums or similar resinous materials 
formed by the action of the components 
themselves or with the aid of oxygen. 


Shell Development Co. in its U. S. 
patent 2,411,083, has found that the 
addition of a small amount of stable or- 
ganic surface-active agent, having at 


25 








Patent Trends in Petroleum Refining 








TABLE 1—Effect of Organic Surface-Active Agents in Reducing Foaming in 
Alkali Treating Operations 


Organic surface-active agent Conc. in 
gm./100 cc. 
solvent 
Fresh solution , 0 
ee a eee 0 
I. Alcohols: 
Pere errr 0.1 
Decyl alcohol ............ 0.01 
a ae 0.0025 
Lauryl alcohol ............ 0.01 
2-ethyl hexanol .......... 0.1 
II. Amines: 
Lauryl amine pla ta Bee 0.1 
Amine ester of fatty acid .... 0.1 
Amine ester of fatty acid .... 0.01 


Fatty acid salt of substituted 


I 3 aniston 28 al 
Fatty acid salt of substituted 
oxazoline sw er atalpeee 0.01 


Settling Vol. of Remarks 
time in __ residual 
minutes rag 
1% 0 No foam 
35 9 Stable ‘foam 
30 1 No foam \ Act 
30 1 No foam best 
ates ; No foam f as 
12 10 Light foam/ defoamers 
15 10 No foam 
% 4 No foam 
8 0 No foam 
3% 0 No foam 
8 2/3 0 No foam 
81/3 0 No foam 





least 8 carbon atoms per molecule and a 
molecular weight below about 600 and 
which is soluble or spontaneously dis- 
persible colloidally in the treating solu- 
tion, not only reduces foaming and gives 
improved separation, but also effects 
the breaking of the emulsions. These are 
preferably amines or alcohols having 8-14 
carbon atoms, 

Table 1 shows the results obtained 
with the use of such agents in spent 
aqueous copper ammonium acetate solu- 
tion. The samples of the spent solution 
were subjected to an emulsion test in 
which they were agitated with an equal 
amount by volume of tertiary amylenes 
at 25° F. The resulting emulsion was 
allowed to settle and the time required 
for substantially complete separation was 
noted and whether or not at the end of 
the settling a residual rag (large globules 
of hydrocarbon surrounded by thin films 
of solution) was left at the interface be- 
tween the solvent phase and the hydro- 
carbon phase. It will be observed that 
the alcohols acted best as defoamers. 


Amylenes 


5* THE alkylation and related fields, 
large quantities of highly concentrated 
olefins are required. In many cases the 
supplies of butenes are inadequate and 
use could be made of amylenes if they 
were available. 

In its U. S. patent 2,409,815, Tide 
Water Associated Oil Co. discloses a 
method for producing larger amounts of 
amylenes from pyrolytic processes than 
are normally obtained, providing a C,; 
fraction containing 60-80% amylenes. 


SRACTIONATING 
zowe 








C2 Ano c 
mvodocaasins 
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The invention comprises subjecting n- 
hexane to pyrolytic decomposition at 
1000°-1300° F. in presence of substan- 





TABLE 2—Comparison of Amylene 
Yields, Tide Water Process (U.S. 2,- 
409,815) and Polymerization 


Con- 
. Process  vention- 
according al thermal 
toinven- polymer- 








tion ization 
Fresh charge, bbl./day: 
0 ee ; 600 600 
Ee ere 200 200 
N. hexane stock . 
(145°-160° F.) .... 1,000 
| eee eine 1,800 800 
Recycle stock, bbl./day: 
C. hydrocarbons ..... 1,000 1,000 
C; hydrocarbons ..... 4,000 4,000 
Pe . §,000 5,000 
Yields, bbl./day: 
re 30 25 
Butylenes ........... 125 50 
N-butane ........... 95 40 
Isopentane .......... 40 20 
Amylenes ....... ein 150 50 
N-pentane ......... 40 30 
Other products ...... 1,320 585 
ae eee . 1,800 800 
Analysis of C, fraction, 
per cent: 
eee 12.0 21.7 
Butylenes ........... 50.0 43.5 
N-butane ........... 38.0 34.8 
BE wind ewsem ns sae 100.0 100.0 
Analysis of Cs; fraction, 
per cent: 
Isopentane .......... 17.4 20.0 
Amylenes ..... ree 65.2 50.0 
N-pentane .......... 17.4 30.0 
MEE ict eewddann ss 100.0 100.0 
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Fig. 2 — Flowsheet of 
Tide Water's thermal 
cracking process. de- 
signed to produce high 
yields of amylenes 
(U. S. 2,409,815) 
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tial amounts of propylene and ethylene. 
These olefins retard the production of 
ethylene and propylene and thus give 
greater yields of the higher olefins. 

Fig. 2 shows a flowsheet of the process 
employed. n-Hexane is fed through line 1, 
while fresh C, and C, hydrocarbons are 
introduced through line 2, meeting re- 
cycle C, and C, hydrocarbons entering 
from line 5, whereupon the whole mix- 
ture enters coils 7 and 8 in the pyrolytic 
zone, after which the products are frac- 
tionated, A comparison of the result$ ob- 
tained with conventional thermal poly- 
merization of C,-C, hydrocarbons is 
shown in Table 2. 


Other Hydrocarbon 
Conversion Developments 


N ITS Canadian Patent 427,587, Shell 

Development Co. covers a process for 
producing trimethyl pentanes by alkyla- 
tion of isobutane with ethylene in pres- 
ence of aluminum chloride catalyst and 
hydrogen halide at 10°-30° C. at which 
the 2,3-dimethyl-butane is the preponder- 
ant product, separating this from the 
higher boiling fraction, and reacting the 
2.3-dimethyl-butane fraction with ethy- 
lene in presence of aluminum chloride. 


Gulf Oil Corp. has described a method 
of cracking at high heat input rates with- 
out excessive coking by passing the hy- 
drocarbon through a thermally insulated 
reactor in counterflow to a material of 
high electrical conductivity, the heating 
being done by the induction of electro- 
magnetic currents in this material. (U. S. 
patent 2,406,640). 


Selected Patents of the Month 


U.S. 2,410,024 (Anglo-Iranian Oil Co.) — Iso- 
merization. 

U.S. 2,410,044 (Standard Oil Co. (Ohio)—Aro- 
matization. 

U.S. 2,410,070-2 & 107-8 (Socony)—Alkylation. 

U.S. 2,410,074 (Hughes By-Prod. Coke Oven 
Corp.)—Thermal cracking and coking. 

U.S. 2,410,096 (Socony)—Dioleyl ketone from 
oleic acid. 

U.S. 2,410,111 & 51 (Univ. Oil Prods.)—AI- 
kylating aromatics. 

U.S. 2,410,166 (Sinclair Refining Co.)—Separat- 
ing toluene. 

U.S. 2,410,309 (Socony-Vacuum Oil Co.)—Con- 
tinuous catalytic system. 

U.S. 2,410,314 (Socony)—Preparing formed gels. 

U.S. 2,410,316 (Univ. Oil Prods.)—Isomerizing 
—cracking. 

U.S. 2,410,346 (Coming Glass Works)—(C,H;) 
RSiO lubricant. 

U.S. 2,410,356 (DuPont)—Purifying TEL with 
peroxide. 

U.S, 2,411,141-2 (Standard Oil Co. (Ind.) — 
Polyamine resins. 

U.S, 2,411,150 & 78 (Standard Oil Dev. Co.)— 
Lubricating oil blends. 

U.S. 2,411,153 (Socony)—Sulfo-phosphated oil. 

U.S. 2,411,160 (Standard Oil (Ohio)—Oil con- 
taining phosphated cashew shell oil. 

U.S. 2,411,186 (Hydrojet Corp.) — Releasing 
gases from liquids. 

U.S. 2,411,200 (Pure Oil Co.)—Cracking in 
presence of brominated ester. 

U.S. 2,411,211 (Phillips Petr. Co.)—Isomeriz- 
ing butane. 

U.S. 2,411,236 (Pure Oil Co.) — Converting 
hydrocarbons into organic sulfur compounds. 

U.S. 2,411,256 (Phillips Petr. Co.)—Butadiene 
from acetylene and ethylene. 
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EQUIPMENT PATENT REVIEW 





Continuous Catalyst Flow Achieved 
Without Using Vapor-Sealed Valves 


In addition to the improved catalytic system described below, this 
month’s review of new and improved devices used in petroleum. processing 
and handling operations on which patents have recently been issued in- 


cludes: 


© Two-coil fire thermostat uses calibrating adjustment 


© New valve will handle fluids at temperatures up to 2600° F. 


@ Claim high aromatic yields in coking and cracking oven 


@ New heat exchanger design reduces tube sheet failures 


CONTINUOUS catalytic system 
which does not require vapor sealed 
catalyst valves has been invented by 
three Socony-Vacuum men, The system 
is said to have less tendency to crush 


the catalyst, to have mechanical failure, 
or to cause variation of pressures within 
either reaction or regeneration zones. 
Designed primarily for cracking opera- 
tions, the method is equally adaptable 
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Fig. 1—Diagrammatic sketch of continuous catalytic system which does not require 

vapor-sealed valves (U.S. 2,410,309). Flow of catalyst through legs 17 and 30 is con- 

trolled so as to maintain closely-packed, freely-moving column of clay. Inert gas 
blankets provide additional seals in conversion zone of equipment 
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to any similar catalytic hydrocarbon con- 
version process, such as naphtha re- 
forming and the like. 


Seal is provided by controlling the flow 
and designing the height and cross-sec- 
tional area of the connecting legs so as 
to permit the free flow of catalyst at de- 
sired rates against pressure in the hop- 
pers without the use of a valve. The 
flow of gas countercurrent to the clay 
will be negligible due to the enormous 
frictional resistance of the fine, closely- 
packed clay particles. An atmosphere of 
steam or inert gas is maintained in the 
hopper, further preventing the passage 
of any hydrocarbon vapors up through 
the clay legs. 


It is pointed out that a more con- 
stant pressure is maintained in the con- 
version case by this system than where 
catalyst is being fed into the case and 
removed through vapor-sealed valves. 


The system is shown in Fig. 1. Valves 
18 and 31 may be either valves or ori- 
fices, and are used to regulate flow of 
catalyst in the two legs. Inert gas, which 
may be flue gas from regeneration case 
3 instead of steam or any other inert 
gas, is fed at the points indicated by 
lines 33 and 386. Pressure differential 
controllers 34 and 38 regulate inert gas 
flow and catalyst flow at valves 35 and 
39. Purge gas, for example flue gas from 
separator 27, may also be introduced to 
the regenerator zone through line 40, 
and to the catalyst elevators through 
line 41. 


U. S. 2,410,309, issued Oct. 29, 1946, 
to Thomas P. Simpson, John W. Payne, 
and John A. Crowley, Jr., assignors to 
Socony-Vacuum Oil Co., Inc. 





Two-Coil Fire Thermostat 
Uses Calibrating Adjustment 


ADJUSTMENTs to correspond with 
changes in surrounding conditions can be 
made with a newly patented fire detect- 
ing thermostat of the rapid-rise-in-tem- 
perature type. 


It is designed to be sensitive in de- 
tecting incipient outbreaks of fire under 
varying atmospheric conditions and can 
be adjusted by means of a calibrated 
dial to function with any desired mini- 
mum rapid rise in temperature. 


Close adjustment is made possible in 
its design by using two bimetallic heli- 
cal coils, attached to the same rotating 
shaft, one exposed to the atmosphere and 
the other completely enclosed. The two 
coils are attached so that they exert their 
forces in opposite directions. 


During a slow rise in temperature, the 
forces exerted by each coil are substan- 
tially equal and no movement of the 
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THAT’S NEVER COMPLETED 











Research never stops at UOP. It’s work 
that’s never completed. For Universal 
chemists and physicists never consider 
any answer as the ultimate. Each for- 
mula, method or process is but a step- 
ping stone to further conquests. 
Perhaps that’s why Universal has been 
so successful in the field of petroleum 
research...why this organization has 
contributed so much to such important 


processes as thermal cracking, catalytic 


UNIVERSAL OIL PRODUCTS COMPANY 


General Offices: 310 S. MICHIGAN AVE. 


LABORATORIES: RIVERSIDE, ILLINOIS 
UNIVERSAL SERVICE PROTECTS YOUR REFINERY 
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cracking, polymerization, alkylation, 
isomerization, hydrogenation, dehydro- 
genation, and others...why they have been 
successful in developing methods for pro- 
ducing toluene, butadiene, and styrene. 

It’s the reason, too, why the industry 
can, with every confidence, look to 
Universal for continued progress in 
the unceasing job of developing pro- 
cesses to improve the quality and yield 


of petroleum products. 


CHICAGO 4, ILLINOIS, U.S.A. 








Equipment Patent Review 





shaft occurs. However, in the case of 
a rapid rise in temperature, the exposed 
coil is naturally affected first, and it 
therefore rotates the shaft, closing or 
opening a necessary electrical contact 
‘for energizing an alarm circuit. 

U. S. 2,411,093, issued Nov. 12, 1946, 
to Ronald Purvis Jameson, Christchurch, 
New Zealand. 





New Valve Will Handle Fluids 
At Temperatures up to 2600° F. 
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Fig. 2—High temperature valve useful 

for handling fluids from 600 to 2600° F. 

(U. S. 2,410,960). Streamlining the valve 

head 23, provision of cooling fins 52, and 

locating packing 32 and 33 in relatively 

cooler areas makes design of such 
valves possible 





Fig. 3—Cross section through lines 2-2 
of Fig. 2 showing construction of spider 
26 


HicH TEMPERATURE service; for ex- 
ample, handling fluids containing cata- 
lysts in refineries under temperatures of 
from 600 to 2600° F. and higher, is 
possible with a newly patented valve. 

Said to provide streamlined flow and 
resistance to corrosion, the design of 
the valve cuts to a mininum the erosion 
of the valve seat from turbulent flow of 
hot fluid, Misalignment of the valve head 
because of temperature changes is also 
said to be eliminated. 

Fig. 2 illustrates the valve in longi- 
tudinal cross section. The valve con- 
sists chiefly of casings 17 and 18, 
fastened together by bolts, and of valve 
head 23 mounted on a spider. Fluid 
flow may be from either direction, but 
is preferably from left to right, from 
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pipe 11 through the valve to pipe 12. 

Valve head 23, mounted on spider 26, 
is shown in Fig. 3, which is a cross- 
sectional view along line 2-2 of Fig. 2. 
The ess-bends of spokes 28 prevent 
misalignment of the valve head during 
temperature changes; expansion of the 
metal produces only a slight rotary move- 
ment of the valve head. 

Packing rings and glands 32 and 33 
aré well away from the area of hot flow. 
Fins 52 on casing 17 serve to cool the 
fluid further. Additional fins may be 
provided, if desired, on casing 18. 

Movement of the valve head in and out 
of seat 24 is effected by pinions 35 
cn studs 29. The pinions are rotated by 
teeth on ring gear 36, which is in turn 
revolved by handles 37. The invention 
also provides for othe methods of mov- 
ing the spider, 

U. S. 2,410,960, issued Nov. 12, 1946, 
to George B. Bunn, assignor to Phillips 
Petroleum Co. 





Claim High Aromatic Yields 
In Coking and Cracking Oven 


STRAIGHT CHAIN paraffinic petroleum 
hydrocarbons are converted into aromat- 
ics such as benzol, xylol, toluol, naph- 
thalene and anthracene in a new design 
for a cracking and coking oven. 

The oven is claimed to produce aro- 


_matics in good yield and high quality 


economically. In addition, the tar and 
carbon residue can be made into a high 
carbon coke suitable for carbon elec- 
trodes. Improvements in oven design, 
including a lower and upper heat treat- 
ing chamber, devices for producing con- 
siderable turbulence in the vapors, and 
close control of flow and temperature are 
said to be the major effects in obtaining 
results claimed. 

Good results can be obtained charging 
a low grade (8.5° API) cracked residuum 
vil at about 700° F., and continuously 
spraying it into the coking chamber, cov- 
ering the hot floor. Vaporizing, as well 
as carbonizing, starts immediately. An 
8-hr operating cycle is divided about as 
follows: Charging and coking—5% hrs.; 
coking alone—1% hrs.; calcining the resi- 
due—*% hr.; coke removal and burninz 
off the carbon—* hr. 

The vapors produced during the on- 
stream period pass on to the cracking 
chamber and then to conventional frac- 
tionators separating out the aromatic 
conversion products. 

U. S. 2,410,074, issued Oct. 29, 1946, 
to Charles H. Hughes, assignor to the 


Hughes By-Product Coke Oven Corp. 





New Heat Exchanger Design 
Reduces Tube Sheet Failures 


As A Means for reducing high tem- 
perature distortions and failures of tube 
sheets, a modified design of heat ex- 
changer has been invented by an Amer- 


ican Locomotive Co. engineer. 

Adaptable to most heat exchangers, 
the invention is said to be particularly 
applicable to the type using hot fluid- 
catalyst mixture in the tubes and cold 
oil in the shell, and is designed to coun- 
teract the high temperatures usually oc- 
curring in the tube sheet. 

In addition to the conventional baf- 
fles spaced throughout the length of the 
exchanger for directing the cold oil flow, 
the design provides a system of baffles 
at each end. These baffles cause the 
cold oil to flow at a designed rate close 
to the tube sheet for a greater length of 
time than in the conventional exchanger. 
A simplified design is shown in Fig. 4. 

U. S. 2,411,097, issued Nov. 12, 1946, 
to Sigmund Kopp, assignor to the Amer- 
ican Locomotive Co. 
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Fig. 4—Design of a simple vertical heat 
exchanger (U. S. 2,411,097), embodying 
additional baffles for increased cooling 
effect on tube sheets 2 and 3. Hot fluid- 
catalyst enters at 8, passes through 
tubes 9, and leaves at 6. Cold oil en- 
ters shell at 11, leaves at 12. Flow direc- 
tion is indicated by arrows 
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Storm Run-Off in Open Sewers and Ditches 
Can Be Accurately Measured by Weirs 


Article 13 in a Series—By W. B. Hart 









In Charge of Waste Disposal for Atlantic Refining Co. 


The principal forms of measuring devices for open sewers and ditches— 
rectangular suppressed weirs, rectangular contracted weirs, and V-notch 
or triangular weirs—are described, and formulas for calculations are given. 
All flow to be measured must pass through the measuring device for satis- 


factory results. 


The percentage of rainfall on refinery property which is dissipated 
through other than storm run-off merits consideration. Such means of dis- 
sipation include infiltration, evaporation, and surface retention. The nature 
of the soil, degree of porosity, etc., and climatic conditions are factors which 


affect these functions. 


S TORM run-off waters may be con- 

trolled by various means, and the 
flow can be directed to proper points in 
the refinery through closed or open sew- 
ers, or ditches. The measurement of 
flow in closed sewers was described in 
last month’s article. 

Flow measurement in open sewers or 
ditches is a relatively simple matter. 
Weirs can be installed, and will provide 
a very satisfactory degree of accuracy. 
Because there are various forms of weirs, 
one or another will be adaptable to prac- 
tically any form of ditch or open sewer, 
or, if sewers are large enough in diam- 
eter, can be used in sewer discharges. 
The principal weir forms are the rec- 
tangular suppressed weir, the rectangular 
contracted weir and the V-notch or tri- 
angular weir. 

The installation of weirs, and the ex- 
planation of the necessary data and cal- 
culation can be presented rather briefly, 
but this brevity should not be taken 


as an indication of their relative impor- 
tance in the estimation of run-off. Weirs 
probably are used more frequently as 
flow measuring devices than other ap- 
pliances, even though their use for the 
purpose is based upon fundamentals 
which are complex. They have been 
studied extensively, however, and for 
practical purposes the equations devel- 
oped are satisfactory as to accuracy 
when the weirs are installed properly. 

The rectangular suppressed weir, and 
one method for its installation is shown 
in Fig. 1, If a head recorder is used in 
connection with the weir, averages for 
any period of time can be obtained and 
from these the rates of flow can be com- 
puted. The flow can be calculated by 
use of the equation: 


eee 
Q= Cibv2¢ H*? 


The constant C varies with the head 
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on the weir and with the ratio of the 
head to the height of the weir. The for- 
mula developed by Rehboch(142) usually 
is accepted as the most reliable. This 
formula 


H 0.000295 
C= (0.6035+-0.0813-5 +5 ) 


1 0.00361 \ *’2 
(4 

has been plotted for a number of con- 
ditions. The plot is shown as a part of 
Fig. 1. The symbol b indicates the 
breadth, or more properly the length of 
the weir. 

Fig. 2 will explain the rectangular con- 
tracted weir. The clearance which must 
be allowed, so that free fall from the weir 
opening will not be affected, is impor- 
tant. A value of 0.62 for C will provide 
acceptable accuracy. 


V-Notch Weirs 


Low flows can be measured most con- 
veniently with the V-notch or triangular 
weir, Fig, 3. This weir also is conveni- 
ent for installation in the end of a sewer 
line. Calculation of flow makes use of 
the equation: 


8 pecs 
Q= C>5 tan av 2g H 


The constant C has been determined 
by various experimenters. That deter- 
mined by King will provide probably the 
greatest accuracy for the purpose of run- 
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Fig. 1—Diagram and typical installation of rectangular suppressed weir. Graph gives values for constant C, at various 
P/H ratios where P is height of weir and H is height of crest above the weir 
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Fig. 2—Diagram and typical installation of a rectangular contracted weir 


off measurement. This factor applies 
only when g = 45°. 

0.589 

-" 

The three types of weirs mentioned 
above require that sufficient loss of head 
be permissible to allow the flow over the 
weir, commonly called the “nappe,” to 
fall freely into space. This sometimes is 
not possible, particularly when the sewer 
system is flat. Under such circumstances 
the submerged weir should be used. This 
type of weir is shown in Fig. 4. The 
equation for the rate of discharge is the 
same as for other sharp crested weirs 
and is applicable for any of the types of 
discharge. 


Ca 


2 3 
Q=CbV20 H* 


The value of C has been studied ex- 
haustively by Vennard and Weston(143), 
They concluded that of the various an- 
alyses of flow over submerged weirs, that 
of Bazin is the most practical and use- 
able. Values of C, based upon the rela- 
tion of H, to. H, and P to H, are tabu- 
lated in Fig, 4. 


The Parshall flume, although not a 


Fig. 4—Submerged weir under three 
flow conditions: free, surface nappe, 
and plunging nappe. Table for values 
of constant C, for various ratios between 
height of weir and height of crest, and 
height of water on discharge side 


weir, also makes possible relatively ac- 
curate measurement of flow without great 
loss of head. Indeed it is one of the de- 
sirable methods, and its application is 
illustrated in Fig. 5. The side walls of 
the flume are vertical and the line across 
the points where the converging side 
walls meet the throat is called the “crest.” 
The floors slope as shown. 

The head (i.e., depth of flow) is meas- 
ured immediately along the side wall at 
a point two-thirds of the distance from 
the crest to the upper end of the inlet. 
When the depth of flow in the throat 


does not exceed 70% of H, the following 
equations apply: 


Q=2.06H,'-* 
(for a throat width of 6 inches) ' 
Q= 4WH ,)2 Ww. 


(for a throat width of 1 to 10 feet). 
In which 

W = the width of throat in feet. 

All other symbols as already shown. 
A simplified equation is as follows: 


Q=3.90WH.!* 


All Flow Must Pass Through Device 


The very brief discussion of measur- 
ing devices which has been presented 
did not include certain important con- 
siderations which must be given careful 
attention when the device is installed. 
For example, it must be remembered 
that for the waste to be measured it 
must all pass through the measuring de- 
vice: Therefore, no leakage around it can 
be permitted,. Further, the velocity of 
the waste as it approaches the device 
must be relatively low. Thirdly} the 
orifice, weir, or other device must be 
identical with the type of device for 
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Fig. 3—Diagram of typical V-notch weir. Angle a is usually 45°. This type is usually 
used for low flows 


























H./Hi 


0.95 
0.90 
0.80 
| 0.70 
P 0.60 
0.50 
0.40 
0.30 
0.20 














FREE FLOW 





SURFACE NAPPE 


PLUNGING NAPPE 0.10 


P/Hi P/H, P/H,; P/H, P/H, 
8 4 2 1 0.5 

0.322 0.326 0402 0449 0.502 
0.456 0.497 0.540 0.589 0.640 
0.611 0.650 0.694 0.737 0.783 
0.700 0.740 0.781 0.821 0.866 
0.771 0.808 0.845 0.883 0.925 
0.827 0.861 0.895 0.930 0.968 
0.876 0.906 0.936 0.967 0.999 
0.920 0.947 0.970 0.998 1.023 
0.957 0.980 1.000 1.022 1.044 
0.991 1010 1.025 1.043 1.060 
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which the equations and coefficients giv- 
en have been established. 


The discussion of measuring devices 
has another purpose, and that is to em- 
phasize the relatively simple ways by 
which the measurement of run-off, which 
is the most desirable method for deter- 
mining this value, can be carried out. 
By measuring the dry weather flow from 
the area drained by a sewer system, and 
establishing this as a base, the rate of 
run-off during a storm can be established 
by similar measurement of the drainage. 
flow during the storm. The rainfall can 
be measured with a rain gage. 

Then a plot can be drawn as shown 
in Fig. 6. The relation of quantity to 
time can be established for both storm 








and dry weather flow. The difference 
will be the run-off. This can be related 
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to the rain-fall rate and time in order } Bo CE Oe FF ; 
to determine the extension of the run-off ' 
time beyond the time of cessation of the ¥ ” : 
rain. Any treatment plant should be Ha G 3 : 
constructed so that it will have a ca- ———bpeaaeah es Pe a © Hi 
pacity for handling the flow from the tal 2 Stee 
greatest storm experienced while meas- [,[ COL  &SSesosoea_eeocnrrrwrrrgwr T= 
urements are being taken, provided this ’ 
storm approaches in intensity that to be SECTION X~X 
expected once in ten years. we A 2/3A B re D E F G 
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average velocity is obtained and applied 
to the area of the cross-section. Ve- 
locity or current meters, Pitot tubes, 


*Throat Width 

















Bentzil tubes, and similar devices are 
used in this way. But often the velocity 
in the sewers is so low that the accuracy 
of measurements by these methods is un- 
satisfactory. 


Floats and substances in solution also 
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Fig. 5—The Parshall flume, although not strictly in the weir classification, makes 
possible relatively accurate measurements of flow without great loss of head 


are used to measure velocity. For fur- 
ther discussion of all the measuring de- 
vices and procedures mentioned there 
should be reference to Vennard(144), 
Rouse(145),- Liddell(146), King‘147), 
Trans. A.S.C.E.(148), and others. 


There will be many occasions when it 
will be necessary to estimate the rate at 
which run-off from rain will flow to some 
point of accumulation. Usually this will 
be the site at which a waste treatment 
plant is to be installed in perhaps a new 
refinery, or in one where waste treatment 
has not been practiced. 


Estimation Is Difficult 


Estimation of run-off is an extremely 
involved and difficult problem. There is 
an extensive literature on the subject, but 
this concerns large natural areas of tim- 
her and grass ccver without structural 
development. To some extent small urban 
areas have been investigated, but even 
these are not comparable to refinery prop- 
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TIME IN MINUTES OR HOURS 


Fig. 6—Relation of measured run-off to dry-weather flow, and of run-off period 


to storm period 
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erties. Thus, the problem becomes one 
of adapting known procedures for estimat- 
ing the run-off rate to the conditions 
which exist in the plant. Or, if the run- 
off from some section of the plant has 
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Fig. 7—Typical infiltra- 
tion curve for the usual 
refinery soil. For a given 
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heen measured, these data can be adapted 
and modified as an estimate for other sec- 
tions similar in character. 

It should be borne in mind that the 
total volume of the run-off is relatively 
unimportant. The rate cf run-off is all- 
important, for treatment of waste usually 
is based upon rate. 

When rain falls on the refinery property 
the water is dissipated in several ways. 
Important among these are infiltration, 
evaporation, and run-off. What is known . 
variously as “surface reservoir capacity,” 
‘surface retention,” “over-surface flow,” 
and other similar terms, also plays an im- 
portant role. As a general definition, these 
terms apply to the nature of the flow of 
the run-off to the point of accumulation, 
and how this flow may be retarded or ac- 
celerated by ground surface structures 
and the nature of the surface itself. Each 
of these factors must be considered and 
therefore will be discussed briefly. Vol- 
umes have been written on run-off flow, 
but only those parts of the literature which 
can be applied readily in refinery practice 
will be considered here. 

Infiltration is concerned with that part 
of the rainfall which seeps -into the soil 
and thereby is fixed. It may appear as 
subsurface flow later and may add to the 
flow of nearby surface waters. It even 
may reach the flow in open drainage 
ditches. But it will not be a part of the 
over-the-surface flow which makes up the 
important run-off resulting from the rain. 

It will be obvious that water which falls 


upon paved (i.e., concrete, macadam, or 
similar paving) surfaces will not sink into 
them but will become surface flow in its 
entirety. Water which flows upon hard, 
frozen soil will penetrate such soil little 
if at all, A sun-baked clay soil also will be 
almost impervious but may be “sun 
cracked” in a manner which will permit 
some water to enter its structure. 

But where the soil is sandy, or a sandy 
loam, or in other words is permeable, a 
considerable amount of water will pene- 
trate. The soil has a saturation limit, 
however, which together with its perme- 
ability will act to reduce infiltration. This 
is because the permeability may not per- 
mit the water to be carried away rapidly 
through the deeper levels of its structure, 
and therefore the upper levels will be- 
come saturated more rapidly. 

If the porosity of these upper levels is 
not great, saturation will occur even more 
rapidly, and leave more water in the form 
of surface run-off flow. For these reasons 
the nature of the soil must be known. Its 
usual degree of saturation (i.e., between 
rainfalls) must be known also, as well as 
the area which the soil represents. There 
is a rather similar pattern of infiltration 
which is represented as in Fig. 7. The 
figure assumes the usual low saturation of 
the soil at the start of the rainfall, an 
average permeability, and a saturation 
normal to a general clay-loam-sand soil 
often found in refineries. 

Evaporation acts to reduce over-the- 
surface run-off flow but not greatly in 





emulsified. 





Next Month's Article 


The runoff to the sewers will be that amount of rainfall which is not 
eliminated by infiltration, evaporation, or surface reservoir capacity. 
What percentage of the rainfall this may be under various conditions, 
how rainfall data can be obtained, and the application of the procedure 
to areas used as examples, will appear in the next article in February 
Petroleum Processing. The next article also will introduce the discussion 
on the treatment and disposal of wastes containing oil, either free or 








most localities. However, all surfaces are 
wetted by rain and these “dry off” after 
the rain ceases. Also, any pools remain- 
ing after the rain has stopped usually dis- 
appear partly as a result of evaporation. 
Some water is retained by any vegetation 
present, and this also evaporates, Water 
returned to the atmosphere by transpira- 
tion, however, cannot be included. 


In general it can be said that vegeta- 
tion in the form a good stand of grass re- 
duces both quantity and rate of run-off 
materially. Thus, although technically 
perhaps some of the items presented un- 
der evaporation really are matters of sur- 
face reservoir capacity, evaporation can 
play a small, but important role in the re- 
duction -cf run-off. 


Surface Retention Affects Run-off 


Surface reservoir capacity, or surface 
retention, affects both the quantity and 
rate of run-off, particularly if the drain- 
age ditch or sewer system of the refinery 
is included as a surface structure. Most 
refineries, particularly larger ones, have 
a more or less complete sewer system, and 
the tendency is to provide frequent inlets 
to the system so that wastes will be car- 
ried away promptly from any operation 
or locality. Therefore, insofar as surface 
run-off is concerned, the refinery auto- 
matically becomes divided into a series of 
areas, each of which is drained by a sewer 
inlet or several related inlets. This is so 
because once the flow has entered the 
sewers its movement toward the point of 
accumulation usually will be relatively 
direct and rapid. It is by the study of a 
variety of these areas, and by the summa- 
tion of the rum-offs estimated for each, 
that the run-off from the total area subject 
to contamination can be estimated. 


There has been much thought given 
to making a choice between this method, 
which may be called a practical one, and 
the much more involved “unit hydro- 
graph” method which has gained much 
favor among engineers in recent years. In 
each method assumptions must be made, 
and regardless of the accuracy of the com- 
plex computations based upon these as- 
sumptions, the results may be much in 
error, for there are not enough data from 
measured run-off from refinery properties 
to establish a uniform run-off pattern. 
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‘ aids catalytic problems. 
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Take nickel. For pettro-chemical users we developed a nickel catalyst on our 
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Utility for the Petroleum Industry 


The FLOW-MASTER makes possible new, low-cost processes, 
fast, continuous manufacture under absolutely accurate control. 






Marco laboratory facilities and experience are available upon Pre 


request to help you apply the FLOW-MASTER Principle to 
your production. Write Marco Company, Inc., Laboratory R-1, \ 
Wilmington 50, Delaware. 


FLOW-MASTER Pumps—Homogenizers 
Kom-Bi-Nators 
Equipment For The Process Industries 


MARCO COMPANY Inc. Wilmington 50, Del. 
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SYNTHETIC OIL MANUFACTURE 





Oil Company Synthetic Fuels and Lubes — 
Show Good Records in Navy Tests 


Synthetic fuel and lubricant products of American oil companies’ long 
range research programs tested by the Navy at Annapolis gave satisfactory 
performance in gasoline and high-speed diesel automotive engines. 


Included were The Texas Co.'s fuels from natural gas and synthetic 


ester lubricant blends; 


Union Oil Co.'s gasoline and diesel fuels from 


shale; Standard Oil Development Co.'s fuels from natural gas; and a syn- 
thetic lube made by Carbide and Carbon Chemical Corp. 


Navy technologists and these oil companies cooperated with the editors 
of PETROLEUM PROCESSING in bringing the specifications and brief de- 


scriptions of the research projects together in this exclusive story. 


YNTHETIC fuels and lubricants al- 

ready developed experimentally by 
oil companies in this country have given 
satisfactory performance in tests in gaso- 
line and high-speed Diesel automotive 
engines. 

These products of the oil companies’ 
long-tange research programs were used 
in demonstration tests conducted by the 
Navy at Annapolis June 13 in connec- 
tion with conferences of the Army-Navy 
Petroleum Board and industry represent- 
atives to discuss the new technical prob- 
lems of the armed forces. The synthetic 
fuels and lubricants were used in engines 
in standard amphibious craft, small boats 
and vehicles and in a turbo-jet engine at 
the Navy’s experimental engineering lab- 
oratory. 

The gasoline and Diesel engines pow- 
ered and lubricated by synthetic products 
were put through performance tests 
which were described at the time by 
Navy technologists as “highly satisfac- 
tory”. Liquid fuels made from coal by 
the Fischer-Tropsch process” gave true 
similarity of performance in the experi- 
mental gas turbine to Navy specification 
Diesel fuel under optimum operating con- 
ditions”, it was stated. “In gasoline en- 
gines the 80-octane synthetic fuel was 
equal to or better than normal petroleum 
gasoline.” 

To confirm the satisfactory demonstra- 
tion the Navy is planning further study 
both in the laboratory and in actual serv- 
ice. In another step in the study by this 
branch of the service of synthetic prod- 
ucts, six type of Diesel fuels, including 
both synthetics and straight petroleum 
oils, are to be used in private industry 
tests. The six types which have been 
selected by the Navy’s sub-committee on 
special fuel evaluation include: 

Both 30 and 50 cetane number straight 
petroleum fuels; 87 cetane synthetic fuel 
obtained by the Navy in 1944 from 
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France and manufactured by the syn- 
thesis of coal by the Fischer-Tropsch 
process; a 67 cetane number blend of 
Fischer-Tropsch liquid fuel and 50 cetane 
fuel from petroleum; a 50 cetane blend 
of Fischer-Tropsch fuel and 30 cetane 
petroleum product; a 50 cetane fuel com- 
posed of 30 cetane and 50 cetane petro- 
leum products plus an additive. 


Of the seven synthetic fuels used in 
the demonstration at Annapolis last June, 
one was a Diesel fuel made from coal in 
France by the Fischer-Tropsch process. 
One lubricant also was of foreign manu- 
facture, a polyethylene oil manufactured 
in France. All the other synthetic prod- 
ucls, however, were supplied by oil com- 
panies and one chemical manufacturing 
concern in this country, and were the re- 
sults of the programs of study of syn- 
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Fig. 1—Flow sheet for synthesis of vari- 
ous hydrocarbons from natural gas as 
developed by The Texas Co. 


thetic substitutes for the natural prod- 
ucts which these companies have carried 
on for some years. In the case of one 
company only were special products sup- 
plied only for the Annapolis demonstra- 
tion. The supplying companies and the 
types of products are as follows: 


The Texas Co.—Gasoline and Diesel 
fuel made from natural gas; synthetic 
lubricating oil prepared by blending a 
highly refined mineral oil with an ester 
type synthetic oil of low viscosity. 


Union Oil Co. of California—Gasoline 
made by retorting shale; Diesel fuel man- 
ufactured from shale. 


Standard Oil Development Co.—Gaso- 
line and Diesel fuel made from natural 
gas. 

Carbide and Carbon Chemicals Corp. 
—Synthetic lubricating oil similar to an 
SAE 30 grade. : 


The above companies and the Navy 
technologists have cooperated with Pe- 
troleum Processing to supply specifica- 
tions of the synthetic products used in 
the Annapolis demonstration and also 
brief descriptions of the research proj- 
ects through which they were supplied. 
This data is given below: 


The Texas Co. 


The Texas Co. supplied a complete 
iine of products including synthetic gas- 
oline, synthetic Diesel fuel, synthetic lu- 
bricating oil and synthetic grease, The 
products were prepared by the develop- 
ment of the Fischer-Tropsch process as 
worked out in this country to use natural 
gas as raw material. The commercial 
development of this process, the recent- 
ly announced “Hydrocol” Process(1) has 
led to the plans for the large scale units 
under construction at Brownsville, Texas, 
in which The Texas Co. with other oil 
companies is participating. 


Actually a combination of processes is 
involved in the preparation of the syn- 
thetic fuels and lubricants by this devel- 
opment as shown in the flow sheet in 
Fig. 1. The steps are: 


1—Preparation of high purity oxygen 
by low temperature fractionation 
of air. 


2—-Reaction of the high purity oxygen 
with natural gas (substantially all 
methane) to produce the desired 


(1) “The New Hydrocol Process”, by P. C. 
Keith, President, Hydrocarbon Research, Inc., 
National Petroleum News, Technical Section, 
July 3, 1946, pg. R-506. 
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TABLE 1—Properties of the Synthetic Gasoline Supplied by 
The Texas Co., for the Navy Tests. 
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R. S. V. P. @ 100 °F. arene koa aie ware ae 8.0 
i re Me sk oc od eww sivcwsisaw eh ananeas ser olraid 16 UOP4 
Olefins, % ‘ aeatareiana a kciala nical oc bs Are 76.7? 
Aromates, % oh Sereenaie eos red ee ee None® 
Carbon, % ; ‘ aed alee 85.4° 
Hyd-ogen, % ‘ae Pn a ae a as a eae a 14.6° 


* Olefin percentage calculated from Bromine Number=118; aromatics, rep- 
resentative; carbon and hydiogen percentages calculated using MW — 104. 








TABLE 2—Properties of the Synthetic Diesel Fuel Supplied by 
The Texas Co., for the Navy Tests. 


Gravity. ° API : P A RE 38.0 
Flash, P. M., °F. ; ee 162 
Viscosity, SU @ 100 °F. ati Be ce 34 
Cetane Number piss A a wad 42.9 
a Ae ee ee ene ee ee +20 
A. S. T. M. Distillation, °F. ald ea cataane wien si au 
a Bes : eT Te TEC CET Te ee ee eee 386 
10% ; ; Sata bo : 440 
50% , 490 
90% ; 545 
E. P. ae ; 594 
Color, N. P. A. <3% 


Cloud, °F. ‘cloudy ‘at room Temp. 


CS Corrosion @ 212° F. 





pik tb eth atte: oS a a . Neg. 
Carbon Res. (10% Resid.) % ; a Stes 0.25 
Sulfur, Lamp, % ~~ Ne a os A ee eh Oe 0.005 
a TR os .«. dix a Ticaidséimrd Ow Kiko Brew w ha batam@aoncmdin Trace 
Ash ; iat tw eltch ciate % ahve acto iret alae Sita se intend None® 
Aniline Point, °F. - » aiteoaash cae ee 1234 
Diesel Index ; oihs i oil wi at wate Riordeaieh ayaa 46.7+ 
Carbon, % : . site sete 85.0§ 
Hydrogen, % : wie "ain 15.0$ 
? Probable 


+ Representative 
$ Calculated using MW = 199 











TABLE 3—Characteristics of Synthetic Lubricating Oils Sup- 
plied by The Texas Co. for the Navy Tests. 


Test TL-964 TL-965 
Gravity, °API 24.6 25.4 
Flash, COC, °F. ; 460 450 
SUV, 100°F. ; 303 286 
SUV 210°F. ig bel 60.7 59.4 
Viscosity Index 136.6 137.6 
Color TR 8% 3% 
Pour Point, °F. —10 —-5 
Carbon Residue. % S dah aoa 0.40 
Neut. No. D-188 0.81 
Ash 0.21 
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mixture of carbon monoxide and 
hydrogen 
CH, + %O, — CO + 2H, 


3—Reaction of carbon monoxide with 
hydrogen to produce hydrocarbon 
n(CO + 2H.) > (CH,), + nH,O 


4—Fractionation and finishing treat- 
ment are required to secure the de- 
sired products. 

By varying the processing conditions 
it is possible to effect the production . of 
hydrocarbons ranging from low molecular 
weight gases to high melting point waxes. 
Under the conditions employed in pro- 
ducing the material from which the gaso- 
line and Diesel fuel were obtained, the 
overall hydrocarbon product consists of 
approximately 90% -gasoline and 10% 
Diesel fuel. Worthwhile amounts of 
valuable chemicals are obtained as by- 
products. 


Properties of the synthetic gasoline and 
Diesel fuel supplied for the Annapolis 
tests are given in Tables 1 and 2. With 
regard to the low cetane number of the 
Diesel fuel, the company stated that 
modification of the conditions of syn- 
thesis would result in a higher yield and 
quality for the Diesel fuel. Finishing 
treatment other than that employed in 
this particular case should result also 
in a substantially higher cetane number 
fuel. Modification of the conditions of 
synthesis would also change the gasoline 
quality and yield. 

The synthetic lubricating oils, identi- 
fied as TL-964 and TL-965, were pre- 
pared by blending a highly refined min- 
eral oil with an ester type synthetic oil 
of low viscosity. In addition to pro- 
viding “body” to the low viscosity ester, 
the inclusion of the mineral oil is re- 
garded as desirable from the standpoint 
of its better “wetting” of metal surfaces, 
which it is believed provides better 
lubrication and _ greater protection 
against rusting. The ester type oil used 
in the preparation was prepared by the 
usual alcohol-acid reaction. 


The particular synthetic oil employed 
in this blend has the obviously advan- 
tageous property of being completely 
miscible with mineral oil over a wide 
range of percentages, it is stated. In 
order to offset the somewhat higher vis- 
cosity-temperature susceptibility of the 
mineral oil in the blend, 2.5% of V.I. 
resins was added in each case. The oil 
TL-964 contained 4% by volume of the 
anti-oxidation and detergency additive. 
No such additive is present in TL-965, 
which is otherwise the same in composi- 
tion. Pertinent tests on the two mate- 
rials are given in Table 3: 

The synthetic grease supplied by The 
Texas Co. for the Annapolis tests, the 
company stated, demonstrated a wider 
range of operating temperatures than 
any lubricant previously available. It is 
described as being particularly suited 
for aircraft use in that it will operate 
satisfactorily between a sub-zero tem- 
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perature of minus 65 and a high tem- 
perature of 250° F. This grease is made 
from 20% soap and a special synthetic 
oil. The following statement relative 
to this synthetic lubricating grease was 
made by The Texas Co.: 


“During World War II a need was 
indicated for a grease for control bear- 
ings of aircraft, having much better low 
temperature characteristics than conven- 
tional greases. This resulted in Specifi- 
cation AN-G-3a, which had satisfactory 
low temperature characteristics down to 
about —65° F., which gave satisfactory 
service in aircraft control bearings at 
these low temperatures. However, it 
was found that under certain conditions 
elevated températures might exist which 
caused evaporation of the volatile com- 
ponents of the grease, resulting in some 
complaints on corrosion due to harden- 
ing and cracking of the grease. 


“A need for a preduct having not only 
these good low temperature characteris- 
tics but also capable of lubricating sat- 
isfactorily at times at temperatures as 
high as 250° F. or more was therefore 
indicated. Texaco Uni-Temp Grease 
(TG-749) is not only satisfactory at the 
lower temperatures of —65 to —75° 
F., but also satisfactorily met the Navy 
High Temperature Performance Test of 
1000 hours minimum at 250° F. and 


10,000 rpm. It also operated satisfac- 
torily for over 300 hours at 300° F. 


“This product is a medium consis- 
tency grease containing approximately 
20% soap and utilizing a special so- 
called synthetic oil of extremely high 
viscosity index (about 150). This com- 
bination of ingredients permits the prod- 
uct to easily meet the evaporation test 
of 23 hours at 210° F., showing only 
about 1.0% evaporation, whereas the 
former greases might show around 10%. 


“Another interesting feature of Uni- 
Temp Grease is its extreme resistance 
to becoming softer on working down. 
For example, the original ASTM worked 
penetration on this grease is 286; that 
is, this is the penetration after 60 work- 
ings. However, even after 100,000 work- 
ings the penetration had only increased 


to 287. 


“This ability to maintain its original 
consistency after long-time working is 
particularly advantageous in control 
bearings, as well as in instruments where 
working down of the grease may cause 
leakage and possible damage to other 
parts. Typical tests on this product in 
comparison with the new AN-G-25 Speci- 
fication for grease, low temperature, low 
evaporation, lubricating, are given in 
Table 4.” 


The Texas Co. has been engaged in 


research on synthetic fuels and lubricants 
for more than 10 years and the products 
supplied for the Navy tests were obtained 
from materials resulting from projects 
which for some time have been a part of 
the company’s general research program. 
The synthetic fuels were produced on 
several pilot units ranging in capacity 
from two to 10 b/d. The company also 
has a pilot unit for hydrocarbon synthesis 
at Montebello, Cal. with a capacity from 
10 to 15 b/d of synthetic hydrocarbon. 
Fig. 2 is a photograph of a battery of 
units at the company’s Beacon, N. Y., re- 
search laboratory now engaged in run- 
ning hydrocarbon synthesis catalyst life 
tests. 


Union Oil Co. of California 


Gasoline and Diesel fuel manufactured 
from the retorting of oil shale were sup- 
plied for the Navy tests by the Union 
Oil Co. of California. This company’s 
shale retorting and refining work has 
been carried on for several years and the 
fuels supplied were samples resulting 
from the regular pilot plant activities. 
The company has made the following 
statement concerning its shale oil fuels 
research project: Table 5 gives inspec- 
tion data on the fuels supplied by this 
company for the Navy tests. Fig. 3 is a 
photograph of the pilot plant shale kiln. 


“Our pilot plant retort is capable of 
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Tests 


final penetration @ 77° F. 


Lithium Soap, % 





j : 


Penetration @ 77° F., unworked (ASTM) .. 
Penetration @ 77° F., worked (ASTM) 
Working stability (AN-G- 15) (100,000 stroke worker test) 


Dropping point, °F. (ASTM) ae 


TABLE 4—Typical Tests on Synthetic Grease Supplied by The Texas Co., 
Compared with the new AN-G-25 Specification for Grease 


Oil bleeding (50 hr. @ ‘212° F.) (AN- G- 8a) (covered ce % 
Evaporation (23 hr. @ 210° F.) (CRC evaporation cell), % .. 
Corrosion (24 hr, @ 212° F.) (AN-G-3a) Seas 





Dynamic water resistance test (AN-G-5a) % washed off (80° F.) 
Dirt count (AN-G-3a) particles 25 micron diam. or over 
Norma-Hoffmann oxidation test (100 hr. @ 210° F.) Ib. press. drop 


Low temp. torque test (3.0 g. chg.; 1000 g. cm.; —67° F.): 
Sec. rev. on original grease, max, as 
Sec. rev. on 212° F. residue caieatiea 
High temp. performance (250° F.; 10,000 rom) hrs. to failure 


Storage stability, pene. after 4 mos. @ 100-125° F., increase .. 


Aeration test (AN-G-15) (1 hr. @ 1000 rpm 77° F.) vol. inc., % 
Tests on oil component: 
Flash, C.O.C., °F. 
Viscosity, $.S.U., @ 100° F. 
Viscosity, $.S.U., @ 210° F. .. 
Viscosity index 
Pour point, °F. .. 


* Basis two runs by outside laboratory. 


AN-G-25 Texaco RCX-169 
Specification for Uni-Temp. 
“Grease; Low Temp., Grease 
Low Evap., Lubricating” (Formerly TG-749) 
ac lie Vg eens 230 
265-300 286 
Sioieata aie ale 375 max. 287 
Saar gas nant ce ata 325 min. 368 
al aes 20.6 
5.0 max. 2.95 
3 max. 1.09 
No pitting, etching, or negative 
dark staining of strip. 
Slight brown stain is 
permitted. 
20 max. 12.5 
7500 max. none 
5 max. 


4 in either direction 2.0;3.9 1.5; 4.7 
ciate << <l 
1000 min 1000+ 

terete eens 80 max 25 decrease 

ire ete 15 max none; ck. 
hag area kant os 400 
ee a ee ey eg 71.8 
tng a atlas aa 87.4 
Al ahi at reckss a 141 
sre ops wees aig —50 


8 
Clock- Counter- 
wise Clockwise 
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Fig. 2—The Texas Co. uses this battery of units in running hydrocarbon synthesis 
catalyst life tests at its Beacon, N. Y. research laboratories. Complete control 


panel for operation of the units is at the lett 


producing 1.8 barrels of oil per 24 hour 
day, based on Parachute Creek, Col. shale 
containing on the average approximately 
one barrel of oil per ton. We are design- 
ing a semi-commercial plant for an out- 
put of about 50 b/d. The process may 
be described as a continuous version of 
the old NTU process, in which heat for 
eduction is derived from burning a por- 
tion of the spent char through a down- 
draft system. No outside heat, power or 
facilities are required. The liquid yields 
consistently surpass conventional Bureau 
of Mines assay values. The essential de- 
velopment in this unit consists of a novel 
continuous underfeeding mechanism for 
introduction of shale which, for patent 
reasons, we prefer not to disclose in de- 
tail at this time. 

“From the standpoint of product qual- 
ity the most serious refining problem is 
the removal of nitrogen compounds, 
which cause instability on storage and 
engine difficulties, due to lacquering, ring- 
sticking, etc. Colorado shale oil contains 
roughly ten times as much nitrogen (main- 
ly in the form of pyridine and quinoline 
derivatives) as typical California crudes, 
which are notably high in nitrogen. 


“The samples furnished the Navy were 
refined by conventional acid-treating, but 
catalytic desulfurization and denitrogen- 
ation processes are undoubtedly in the 
picture from a long-term standpoint.” 


Standard Oil Co. (New Jersey) 


The synthetic gasoline and Diesel fuel 
supplied by the Standard Oil Co. (New 
Jersey) for the Army-Navy Petroleum 
Board tests at Annapolis June 13 were 
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produced in its 10 b/d experimental syn- 
thetic oil plant at Baton Rouge, La. The 
products were made particularly for the 
Navy tests. While the pilot plant regular- 
ly turns out synthetic fuels in small 
amounts the fuels are not normally fin- 
ished to Army-Navy specifications, as was 
the case in this instance. 


The experimental plant at Baton 
Rouge is comparatively new, although 
the work on synthetic fuels has been car- 
ried on by this company for many years 
and has now been taken up again after 
heing discontinued during the war in 
favor of more urgent research. The proc- 
ess employed in making synthetic prod- 
ucts is the modified Fischer-Tropsch, 
using natural gas as raw material, and 
employing the fluid catalyst technique 
which was developed and is applied com- 
mercially in the Fluid process for cata- 
lytically cracking petroleum stocks. 


By the use of catalyst in fluidized beds, 
similar in principle to that for catalytic 
cracking, it has been found possible to 
greatly reduce the amount of cooling sur- 
face required to remove the heat evolved 
in the synthesis step. This makes pos- 
sible a large reduction in plant invest- 
ment along with a large reduction in 
maintenance and operating cost. 

This company started research on the 











TABLE 5—Inspection Data on Shale Oil Gasoline and Shale 
Oil Diesel Fuel Supplied by the Union Oil Co., of California 
for the Navy Tests. 


Grav., ° API at 60°F. 

Color oP 

Flash, P-M, 

Fire, ° F. 

Viscosity, Say. Univ. sec. at 
100° F. 

Viscosity, Say. Furol sec. 
at 122°F. 
at 210°F. 

BS&W 

Water by distillation 

Pour point, ° F. 

Induction time, min. .. 

Carbon residue, % 

Ash .. 

Sulfur, bomb, % 

Nitrogen, Dumas, 


Cetane No. — 
Octane No., Motor, clear . . 


Motor}+3 ml. lead .._ 


Research, clear 
Research+3 mil. lead 
Distillation, ° F. 

Init. 

10% 

80% 

50% 

70% 

90% 

95% 

End 


Rec., 


Shale Oil Shale Oil 
Gasoline Diesel Fuel 


48.2 34.6 
20+ Dark, clear 
190 
215 


36 


0.97(lamn) 
0.153 
(Kjeldahl) 


45.5 
56.0 
47.0 
58.0 


249 
294 
312 
330 
345 
363 
370 
384 

98 
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Fischer-Tropsch process, particularly on 
the study of catalysts, soon after the syn- 
thesis was found to be possible by Fischer 
and Tropsch at the Kaiser Wilhelm In- 
stitute in 1925. More active research fol- 
lowed the acquisition of the technique 
and patent rights by Hydrocarbon Syn- 
thesis Corp., from Ruhrchemie, in 1938. 
Table 6 gives the properties of the syn- 
thetic gasoline supplied for the Navy 
tests, and Table 7 the properties of the 
synthetic Diesel Fuel. Fig. 4 is a photo- 


graph of the experimental synthetic oil 
plant at Baton Rouge. 


Carbide and Carbon Chem. Corp. 


The synthetic Jubricant supplied for 
the Navy’s demonstrations by Carbide 
and Carbon Chemicals Corp. was its 
“Uncon” LB-300 motor oil, which is de- 
scribed as approximately equivalent to 
an SAE 30 mineral oil. These lubricants 
are synthesized from natural gas or other 
hydrocarbon gases. The chemical nature 








Cofor—Gaghalt. on. ccc cccwtecce 
Sulfur—Wt. % (Turb.) .......... 
ne ME. Pee ee ea a it 
Cu Strip Corr.—3 Hrs. at 122° F.. 
Olefins (Est.)—Vol. % .......... 
Aromatics (Est.)—Vol. % ....... 
Carbon—Wt. % ............... 
Hydrogen—Wt. % ............. 
PE ss nso wc ee ara en nen 
Copper Dish Gum ............. 
ASTM Breakdown—Min. ....... 
Inhibitor Analysis—lb. UOP 
ee ee 
TEL Analysis—ml./gal. ........ 
ASTM Octane No. ............. 
Reid Vapor Pressure—lb./sq. in. 
Gravity, ° API 
Distillation: 
% Evap. at 140° F. 
% Evap. at 158° F. 
% Evap. at 221° F. 
% Evap. at 329° F. 
F.B.P.—° F, 
Residue—% 











TABLE 6—Properties of Finished Synthetic Gasoline Supplied 
by Standard Oil Co. (N. J.) for the Navy Tests. 























Gasoline Army Spec. 
to Navy 2-103B 
(Red) Red 
Trace 0.25 Max. 
Pass Must Pass 
Pass Must Pass 
85-92 some 
37 si 
85.9 ae 
13.9 Mrs 
Nil 4 Max. 
4 a 
480 480 Min. 
0.8 0.119 to 0.83 
1.95 3.0 Max. 
81.6 80.0 Min. Batic 
7.2 8.0 Max. ste 
64.4 % 
8.5 10.0 Max. ts | 
17.0 10.0 Min. ee } 
50.0 50.0 Min. 
92.0 90.0 Min. ft 
361 ‘ 
0.9 2.0 Max. Ss | 
| 








Gravity, ° API 
Color (R) — 
Aniline Point, °F. .. 
Og RAS Ee ee 
Sulfur % eee 
Corrosion Cu Strip @ 212°F. .... 
SE rn amy wld wae pe a oan 
i, SE eee Coe nal 
ap eS * eee 
Vis. @ 100° F. SSU (K) ; 
Carbon Conradson (10% Btms.) .. 
= &, Spee ae 
B S and W,% ... 
Carbon, Wt. % 
Hydrogen, Wt. % 
Cetane No. 
Distillation: 
Initial, ° F. 
10% @ °F. nb a aes 
50% @ °F. ...... 
90% @ °F. 
Final, ° F. 





TABLE 7—Properties of Finished Synthetic Diesel Fuel Sup- | | 
plied by Standard Oil Co. (N. J.) for the Navy Tests. 


Diesel Fuel Navy Diesel Fuel 
to Navy Specifications 
Min. Max. 
44.0 : 
17% 4 
176 
77.4 < ee 
Trace " 1.00 
Pass Pass ee 
36 anes 10 
30 Ms? 0 
160 150 ioe 
$5.1 35 45 
0.009 oes 0.20 
0.0001 rer 0.01 
Trace «sa Trace 
85.65 
14.35 : 
70 50 
3896 . ‘ 
439 — oa 
497 ‘ i ae 
620 ; 675 
678 - 
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FREE REPRINTS 


Single copies of any or all of 
the following articles will be 
given free, on request, as long 
as supply lasts: 


BUTANE DRIER IN ALKYLATION PLANT 

SAVES 5 TONS OF CATALYST A DAY—Ex- 
plains how low-cost, high-capacity sepa- 
rator removes 70% of total undissolved wa- 
ter content from feed stock permitting in- 
creased output of pentylene alkylate. Well 
illustrated. 


CONDENSATE FROM NATURAL GAS 
YIELDS MOTOR FUEL DIRECTLY—(By 
George G. Brown)—Explains the advan- 
tages of using “condensate” to secure fin- 
ished motor fuels of satisfactory volatility 
instead of for blending. The motor fuels 
thus secured meet the new federal specifica- 
tions and are competitive with other fuels. 


ENGINE OIL. FOAMING—(By H. A. Ambrose 
and C. E. Trautman)—Outlines test pro- 
cedures for evaluating foaming characteris- 
tics of lubricating oils, and describes anti- 
foam agents which eliminate foaming under 
most conditions during the life of the oil 
—< > naan have no detrimental effect on 
the oil. 


HYDROFORMING—A CATALYTIC METH- 

OD FOR NAPHTHA ‘UPGRADING— (By L. R. 
Hill, G. A. Vincent and E. F. Everett, Jr.) 
—Describes in detail the new Hydroforming 
process for producing a high-octane aromatic 
gasoline free from olefins. . . Discusses re- 
lationship of yield to octane number, also 
lead susceptibility. . . Gives operating statis- 
tics comparing the use of crude and naph- 
tha as charge stocks. . . Illustrated with 
tables, graphs and photos. 


NEW METHODS OF FICHTING OIL FIRES 

ARE GIVEN FULL-SCALF TESTS IN 93-FT. 

TANK—(By W. F. Bland)—Effectiveness of 
Mechanical Foam and of Water Spray are 
demonstrated in four-day exveriments on 
32,000-bbl. crude storage tank. 


PIERCED PLATE CONTACTING TOWERS 
USED FOR TREATING WITH CHEMICAL 
SOLUTIONS—(By D. O. Swan and S. M. 
Whitehill) — Discusses advantages of 
pierced plate towers over conventional 
packed or orifice mixing. columns for treat- 
ing hydrocarbons with chemical solutions. 


PROGRAM FOR LOSS CONTROL IN MANU- 

FACTURING AND HANDLING OPERATIONS 
—(By J. H. McClintock and R. S. Piroo- 
mov )—Description of a method of “antici- 
pated recovery” based on 100% weight bal- 
ance; includes methods for isolating the 
source of losses in handling and refining op- 
erations, and developments for the reduction 
and continuing control of losses. 


SYNTHES!IS OF ACETONE FROM ACETY- 

LENE—(By A. S. Broun, O. S. Kuratova, D. V. 
Mushenko and R. P. Urinson)—A transla- 
tion from the Russian by Dr. J. G. Tolpin 
with illustrative charts and tables describing 
the various effects obtained in the experi- 
ment, 


UNITIZED CYCLING OPERATIONS AT 

HAYNESVILLE INCREASE ULTIMATE RE- 

COVERY 8 MILLION BBLS.—(By B. R. Car- 
ney)—Explains the organization and ad- 
vantages of an operators’ cooperative plan 
for pressure maintenance in oil field opera- 
tions. 


Mail your request for the 
above free reprints to: Read- 
ers’ Service Department, 
Petroleum Processing, 1213 
West Third Street, Cleveland 
13, Ohio. 
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or methods of manufacture of the com- 
pounds are not yet disclosed. 

The Uncon LB series of synthetic 
lubricants are now being sold commer- 
cially in two limited areas as No. 300 
“Prestone” motor oil, for use in cars, buses 


and trucks and tractors. These oils were’ 


introduced about a year ago for commer- 
cial use. They were used by the mili- 
tary services during the war and were 
the result of experimental work by Car- 
bide and Carbon Chemicals going back 
for several years. 

The LB-550, in the same series of syn- 
thetic lubes, is described as equivalent 
to most SAE 50 oils at 210 F. and lighter 
than most SAE 30 oils at 0 F. 

According to Carbide and Carbon 
Chemicals, the LB synthetic oils may 
be prepared in any desired viscosity by 
controlling the reaction in the manufac- 
turing process. It is not necessary to blend 
higher and lower viscosity oils, as is the 
general practice in preparing certain SAE 
grades from neutral and bright stocks, as 
is done with petroleum oils. The high 
viscosity indices characteristic of the 
lubricants, are inherent and not dependent 
on viscosity-index improvers. 

The low API gravities of the Uncon 
oils coupled with high viscosity indices 
stamp them as being chemically different 
from petroleum oils. The synthetic lubes 
contain no wax or other additives to de- 
press their pour point, The pour point is 
stable and can be reproduced after re- 
peated temperature cycles. Flash and fire 
points compared favorably with mineral 
oils, although in the lower viscosity range, 
the flash points are said to be higher than 
for equivalent viscosity petroleum: oils. 
The low carbon residue values shown by 
the synthetic lubes is believed indicative 
of low carbon formation. 

The oxidation products of the synthetic 
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Fig. 3 (Left)—Shale kiln 
used in pilot plant work on 
synthetic gasoline and die- 
sel fuels by Union Oil Co. 
of California. Union Oil is 
producing 1.8 b/d of syn- 
thetic oil based on Para- 
chute Creek, Col., shale 
containing an average of 
one barrel of oil per ton 


Fig. 4 (Right) — Standard 
Oil Co. of New Jersey pro- 
duces synthetic oils from 
natural gas in this experi- 
mental plant at Baton 
Rouge. Approximately 10 
b/d are manufactured us- 
ing the “fluid” technique 


oils are for the most part low-molecular- 
weight volatile compounds, while in the 
normal process of oxidation of mineral oil, 
non-volatile products are formed which 
eventually convert to oil-insoluble sludges, 
gum and varnish. In the case of the syn- 
thetic lubricant, insoluble oxidation prod- 
ucts which tend to foul an engine are not 
formed and this factor is said to be re- 
sponsible for negligible increase in the 
viscosity of the lubricant with use. 

In addition to the LB (water insolu- 
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ble) series cf the Carbide and Carbon syn- 
thetic lubricants, an HB (water soluble) 
series is also manufactured. These oils 


‘ are being used commercially now in hy- 


draulic fluids, as high-temperature, heat- 
transfer media, textile lubricants, in cut- 
ting oils, for wire and metal drawing 
operations, among other uses. Table 8 
gives the properties of the LB-300 oil of 
the Carbide and Carbon Chemicals Corp. 
used in the Navy tests, and properties of 
the LB-550 aircraft oil. 








Viscosity, Say. sec. at 
210°F. 
100°F. 
O°F. 
—30°F. 
—50°F. 


Viscosity, Centistokes at 

210°F. 

100°F. . 

O°F. 

—30°F. 

—50°F. ..... 
V. I. (ASTM D-587-41) ‘ 
Pour Point (ASTM D-97-39), °F. 
Density at 210°F. (g/cc.) 
Density at 100°F. (g/cc.) . 
Specific gravity at 60°F. .. 
Gravity API at 60°F. ...... . 
Flash Point (ASTM D-92-33), °F. 
Fire Point (ASTM D-92-33), °F. 
Carbon Residue (ASTM D-189-41) 
Ash (ASTM D-482-43-T) 


*Less than .01 per cent. 





TABLE 8—Properties of Carbide & Carbon Chemicals Corp.'s 
LB-300 and LB-550 Synthetic Lubricating Oils Supplied for 
the Navy Tests. 


LB-300 LB-550 
62.7 91.9 

300 550 
18,380 40,800 
183,000 444,000 
1,370,000 3,890,000 


11.0 18.5 
65.0 119 
4000 8900 
40,000 97,000 
300,000 850,000 
142 140 
—-40 —30 
933 .939 
.979 985 
.997 1.003 
10.5 9.5 
470 510 
570 


o °o 
° o 

















PETROLEUM PROCESSING, January, 1947 








oa 


: gg 2 4 . oe a 


A LARGE PRODUCTION The increasing demand for tabletted and extruded 
CAPACITY catalysts finds Diamond-Harshaw ready with a large 
roduction capacity to meet expanding requirements. 
TO MEET YOUR NEEDS ” — naive: 
Harshaw pioneered in the development of tabletted 


and extruded catalysts, and is ready to supply you with preformed catalysts 
in a variety of sizes and shapes. 


If you have a catalyst problem, a discussion with us may be helpful. 


Preformed catalysts are manufactured by Diamond-Harshaw Co. 
We are exclusive sales agents. 


Lo MLS ale ae 


HARSHAW 1945 East 97th Street, Cleveland 6, Ohio 
a BRANCHES IN PRINCIPAL CITIES 
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Fluid Cracker Charges Heavy Distillate 
Motor Gasoline Operation 


In Postwar 


HE Fluid catalytic cracking unit at 

the Avon, Cal., refinery of Tide Wa- 
ter Associated Oil Co. since the war has 
been operating on a charge stock of 
heavy California waxy distillate of high 
viscosity averaging 22-23° API gravity. 
During the war the unit was operated 
largely on straight-run gas oil of 30° or 
higher API gravity. At times also, vari- 
ous naphthas, both straight-run and 
cracked, were charged as supplementary 
feed to maximize aviation gasoline pro- 
duction. 

The transfer to a heavier charge stock 
to produce motor gasoline was made 
gradually and without interrupting a run 
of 415% days between turnarounds for 
the unit. This is said to constitute a 
record length of run for this type of re- 
fining facility. The unit started this run 
in July, 1945, and was shut down for a 
scheduled inspection and repairs on 
Sept. 8, 1946. . 

The heavy material for the present 
charge stock is obtained by deep vacuum 
flashing of heavy residuums from the 
crude stills in a vacuum feed prepara- 
tion unit, which was installed at the 
time the Fluid unit was constructed. Re- 


EAVY 
MF 


ACUUM 
TOWER 


wail CROMER > 
HI VIS RESID TO & 
THE RMAL CRACKER 
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Feed preparation unit for Fluid cracker at the Avon, Cal., re- 
finery of Tide Water Associated Oil Co. Left is 25,000 b/d 
charge capacity vacuum tower: overhead lines are for gas 
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sults of cracking this heavy waxy feed 
stock for the production of motor gaso- 
line are given in Table 1. These re- 
sults are for operations on a catalyst 
comprised of a small amount of residual 
wartime synthetic catalyst to which a 
relatively large proportion of natural cat- 
alyst had been added. 

Typical analyses of the lighter hydro- 
carbon fractions from the present type 
of operations are given in Table 2, and 
Table 3 shows the operating conditions 
of the Fluid unit when making the prod- 
ucts given in Table 1. 

The record run of the unit at the Avon 
refinery was started on the aviation base 
stock type of operation using synthetic 
catalyst. With the end of the war op- 
eration was shifted to motor gasoline 
operation as fast as conditions would per- 
mit. As soon as stocks of synthetic cata- 
lyt on hand were used up, additions were 
natural catalyst. Since the commence- 
ment of postwar operations, natural cat- 
alyst costs have averaged approximately 
2c/bbl. of fresh feed charged. Cata- 
lyst activity has been maintained at rela- 
tively high levels. 

The record run of the Avon unit was 
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oil charge to the cracker. 
brings straight-run residuum from the crude stills to approxi- 
mately 690° F., when it is transferred ‘to the vacuum tower 


terminated by failure of baffles in the 
Cottrell precipitator which shorted out 
part of the electrical system and caused 
excessive catalyst losses during the last 
few days of operation. Preliminary in- 
spection shortly after the shut-down 
Sept. 8 showed the unit was otherwise 
in good shape except for certain work 
which had been anticipated. It would 
have been possible to continue opera- 
tions for many more months, it is be- 
lieved, had the electrical equipment been 
fully operable. 

During the turnaround, a portion of 
the multiclone units was to be replaced 
and tubesheets repaired as necessary. A 
branched-pipe air distributor was to be 
installed at the end of the main riser be- 
low the grid in the regenerator. This 
change is the result of theoretical an- 
alyses and studies made in a glass model, 
which indicate that beneficial results may 
be achieved on distribution within the 
regenerator. 

An additional recycle catalyst cooler 
originally purchased for extra wartime 
capacity was to be installed during the 
turnaround. All ferrules protecting tubes 
in the waste heat boilers operating on 


a hee 


6d | 
Me ‘¢ rhe ra 


Right is the tubular heater which 


PETROLEUM PROCESSING, January, 1947 





out 
sed 
last 


wh 
vise 
ork 
uld 
ra- 
be- 


een 


ced 





hich 
Oxi- 


wer 


1947 





This man is working for you! 






pi iy 
Fata , 


His research can mean 
His findings are avail- your progress! 
able for your use! 





He is one of the many technicians 


Your product quality 
reflects his findings! continually working to improve 
Paramins to bring you better ad- 


ditives for your products! 











a PARAM | NS make good lubricants and fuels better’ 


PARAMINS INCLUDE: PARATONE —for improved viscosity index. 
PARAFLOW —for lower stable pour. 
PARATAC —for tacky oils and greases. 
PARAPOID —for E.P. gear oils. 
PARANOX —for inhibiting corrosion and oxidation. 


PARASHEEN—for better appearance. 
PARADYNE —for improved gasoline. 


*Trade Mark 


ENJAY COMPANY, INC. (formerly Chemical Products Dept., Stanco Distributors, Inc.) 26 Broadway, New York 4, New York; Agents and Distributors Throughout the World 
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Fluid catalytic cracking unit at Avon 

refinery of Tide Water Associated Oil 

Co., which charges over 17,000 b/d 

fresh feed in motor gasoline operations. 

Spherical-topped vessels in foreground 
are for catalyst storage 


flue gases were to be replaced. A new 
design of restriction grid was to be in- 
stalled in the regenerator outlet to per- 
mit operating this vessel at a higher pres- 
sure. Some repair work also was to be 
done on the lining in the regenerated 
catalyst standpipe and in the flue gas 
line. The Cottrell precipitator was to 
be completely overhauled. 


General process design of the unit, 
which was completed early in 1945, was 
by Universal Oil Products Co. in con- 
junction with Tide Water Associated en- 
gineers and those of the contractor, C. F. 
Braun & Co., which last named company 
contributed many design improvements. 
This unit is said to have the largest re- 
generator of any of the wartime Fluid 
units built. The regenerator is 46 ft. in 
effective diameter and 30 ft. high on the 
straight side between the top and bot- 
tom cones. Catalyst distribution is ac- 
complished by a grid containing 2781 
1% and 2-in. holes representing about 
3% of the grid area. 

In the Avon installation no furnace is 
used to preheat the charge oil to the 
Fluid cracker. The oil charge, which is 
first preheated to about 400° F. through 
heat exchange, is contacted with the 
catalyst after regeneration at a tempera- 
ture of about 1050° F. or higher for the 
latter. 


The vacuum feed preparation unit at 
the Avon refinery is operated in conjunc- 
tion with an existing thermal viscosity 
breaking unit. Straight-run residuum 
from the crude stills containing waxy 
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Charges Heavy Distillate 





TABLE 1—Results of Cracking 22-23° API Gravity California Waxy Distillate for 
Production of Motor Gasoline 


(Yields and Product Inspections are Typical Monthly Averages) 


Charge 
Fresh Feed, b/d 
Recycle, b/d 


Products—Basis Fresh Feed 
Dry Gas : 
Propane-Propylene Recovered 
Butanes-Butylenes 
Light Catalytic Naphtha .... 
Heavy Catalytic Naphtha 
Light Catalytic Gas Oil . 
Heavy Catalytic Gas Oil 


Product Inspection Data 


IBP—°F. 

10% 

50% 

90% .. 
Sulfur—Wt. % . 
Aniline Point—°F. 
Carbon Residue 
Octane—CFR MM—LClear 
Octane—CFR RM—Clear 


Vol. % 


Wt. % 
7.5 





TABLE 2—Typical Analysis of Light Hydrocarbon Streams from Operating Fluid 
Unit on Heavy California Distillate 


Carbon Dioxide 
Methane 
Ethylene 

Ethane 
Propylene 
Propane 
[so-butane 
Butylenes 
Normal Butane 


Butanes- 
Butylenes 


Propane- 
Propylene 


Residue 





TABLE 3—Typical Operating Conditions When Charging Heavy California 
Distillate to Fluid Cracking 


Oil Feed Temperature—°F. 
Reactor Temperature—’°F. 
Regenerator Temperature—°F. 
Weight Hourly Space Velocity 
Catalyst—Oil Ratio 
Reactor Pressure—psig 
Regenerator Pressure—psig 
Reactor holdup—tons catalyst 
Regenerator holdup—tons catalyst 
Total Catalyst in unit—tons 
Air Rate—MSCF per minute .... 
Flue gas analysis: 

% COs 

% CO 

J Os 
Catalyst activity: 

Specific Surface sq.m./g. 

Carbon on Regenerated Catalyst-—-Wt. % 





gas oil is charged through heat exchange 
on the viscosity breaking unit into a 
50,000,000 Btu per hour fired tubular 
heater designed to operate at transfer 
line temperatures up to 690° F. The 
transfer line enters the bottom section 
of a vacuum tower which is 24 ft. diame- 
ter and 22 ft. high on the straight side. 

This vacuum tower is designed to op- 
erate at 50 mm. mercury absolute pres- 
sure in the flash section. It is provided 


with four specially designed fractionat- 
ing trays and has a design charge capaci- 
ty of 25,000 b/d of residuum, with the 
ability to take overhead 10,000 b/d or 
more of well fractionated oil. This prod- 
uct forms part of the charge to the cata- 
lytic cracking unit. The heavy residuum 
bottoms are thermally cracked in the 
adjacent viscosity breaking unit. The 
vacuum feed preparation unit was also 
engineered by C. F. Braun & Co. 
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Mechanized Accounting Streamlines 
Pipe Line Concern’s Paper Work 


The accompanying article is based on material supplied 


by the Burroughs Adding Machine Co., Detroit, and 


the Bay Pipe Line Corp., Saginaw, Mich. 


ASTER and more accurate account- 

ing procedure was achieved by the 
Bay Pipe Line Corp., Saginaw, Mich., 
by swinging to mostly mechanized meth- 
ods. 

This pipe line system handles some 
200,000 bbls. of crude per month. Its 
Lasic accounting objectives are: main- 
taining records of leases and of oil 
purchased; providing lease and royalty 
owners with statements of, and checks 
for, oil run from their holdings. 


Before the change, the company had 
been going along with a system of largely 
l:andwritten records. Executives in the 
accounting department found this system 
produced unavoidable handicaps, among 
them: 


Disadvantages of Old Methods 


1. Errors inevitable in any system 
were discovered not currently but at 
month-end, during summarization and 
consolidation of daily figures. To trace 
them down meant wading back through 
a barrage of figures and records. Result 
was time wasted at a stage when time 
was at a premium. 

2. Figuring was complicated, and in- 
volved many separate steps before the 
desired results appeared. As just one ex- 
ample, four separate operations were 
needed to determine taxes on crude oil 
run. First, the number of barrels was 
multiplied by the tax rate. Second, the 
value of those barrels was multiplied 
by the tax rate. Third, the two taxes were 
added together. Fourth, total taxes were 
subtracted from gross value to arrive at 
ret value. 


3. An excessive number of lease and 
royalty owner checks was written. Sep- 
arate checks had to be prepared for each 
of an owner’s interests, when the more 
Cesirable and efficient way would have 
been to issue each individual just one 
check covering all of his interests. Un- 
fertunately, the system provided no prac- 
tical means of centralizing all the activity 
information on the various interests for 
quick reference at check-writing time. 


4. The system’s records bulked so large 
that the office was cluttered with stacks 
of books, many containing information 
needed in day-to-day work. Aside from 
the inconvenience and disordered appear- 
snce, this presented the problem of not 
knowing exactly where to look for de- 
sired data. 


5. Frequent overtime work and a 
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never-ending “scramble” were necessary 
to get the work done, creating conditions 
unfavorable to efficiency and general 
peace of mind. 


A look at today’s procedure reveals 
how neatly Bay Pipe Line obtains, 
records and _ utilizes the figure-facts 
about its operations. The required com- 
putations are made in one fast; continu- 
ing operation, 


How the New System Works 


Field gaugers set the accounting cycle 
in motion when they prepare field tickets 
showing the number of barrels of crude 
oil placed in the storage tanks, the tem- 
peratures of the oil, its specific gravity, 
and other related jnformation. The 
gaugers mail these tickets in to the Sag- 
inaw office each day and also telephone 
the information in daily. 


Using the phoned-in data as a base, 
the Saginaw accounting clerk adjusts 
the number of barrels by means of the 
Standard API gravity temperature correc- 
tion tables, and prepares a complete sum- 
mary, by fields, of oil purchased and 
handled that day, to-date, and in aver- 
age for the month. She re-calculates this 
data from the tickets when they arrive 
and cross-checks the results with the 
summary figures already established. 

Two or three times a month (exact 
frequency depends upon volume of pur- 





chases), field tickets for the period are 
posted to the Journal of Oil Run Pur- 
chased (Fig. 1). Total barrels for each 
field are multiplied by that field’s posted 
rate to provide a gross value by fields. 
To-date totals of barrels for each field 
and of barrels and gross value for all 
fields are automatically accumulated by 
the typewriting-computing machine used 
on the work. These totals must balance 
with those previously established and 
proved in the summary report. 


In this quickly-handled operation, Bay 
Pipe Line creates an accurate and com- 
plete record of purchases and, at the 
same time, sets up control totals to which 
subsequent record-posting will have to 
balance. The work is proved and balanced 
as it is done—an advantage that runs 
throughout the present system. Errors 
that may occur in month-end summariz- 
ing are localized to that summarizing 
operation making it unnecessary to pore 
back over the entire month’s work. 


System Also Saves Space 


Today’s records are more compact. For 
example, an entire month’s activity can 
usually be posted on three Journal of Oil 
Run Purchases forms, measuring 11 and 
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Fig. 1—Form for Journal of Oil Run Purchases, and example of posting, as used 


by Bay Pipe Line Corp. in modernized accounting system 
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Mechanized Accounting 





8/4 in. by 17 in, each. Bay accounting 
executives estimate that the space occu- 
pied by all records is somewhere be- 
tween one half and two-thirds less than 
that formerly needed. 

Following the Journal postings, the 
field tickets are sorted down by lease, 
and by date under each lease, so that 
the oil run information for the 10 or 
15-day period can be entered on the 
Lease Statements. Value and barrel totals 
for all leases, automatically accumulated 
by the machine in this operation, must 
balance with the previous Journal post- 
ing control totals. Under the old system, 
there was no accurate means of reconcil- 
ing these two posting runs. 

Journal and Lease Statement entries 
are usually posted and balanced in two 
Gays or less. This despite the fact that 
ordinarily all lease accounts will be active 
in a 15-day period. 


Taxes, Subsidies Computed Next 


After group postings of daily detail 
on barrels and value have been com- 
pleted for the month, taxes and subsidies, 
it any, are computed and printed at the 
top of each Lease Statement form (Fig. 
2-A). To do this, the operator enters in 
the machine the number of barrels (1175.- 
29 in this case) and their value ($1668.- 
91) for the month. The machine multi- 
plies them mechanically by the respec- 


tive tax rates (1/8 cents and 2%). The 
total amount of tax ($34.85) is subtracted 
from the gross and the resulting net 
figure ($1634.06) printed on the form. 


To pro-rate the total net value among 
the various interests comprising the lease 
is a simple, largely-automatic job. The 
machine operator enters the total value 
in the machine, then multiplies it by the 
decimals appearing at the left of each 
interest owners name, which represent 
the fractional amounts of the lease -that 
each owns. The machine provides an 
automatic total of the amount pro-rated; 
it must agree with the net total deter- 
mined at the outset. 

As a by-product of the pro-rating 
operation, the various net amounts are 
also printed on the individual interest 
statements of oil run, according to the 
pre-addressed, individual interest names 
(Fig. 2-B). 

The data appearing in the top section 
of the Lease Statements is run off on the 
individual interest statements (varying 
in number from two to 75 for each 
lease) by means of a duplicating process. 

Working and royalty interests are paid 
on the tenth of each month. The operator 
writes the checks on the typewriting- 
computing machine, obtaining the in- 
formation from the jndividual interest 
statements. The suspense ledger provides 
the only other source of information for 
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writing checks. It contains accounts that 
previously amounted to less than a 
dollar, that had no mailing address, or 
that were not paid because of some 
cwnership litigation. 


Check Writing Cut 50% 


The concentration of complete activity 
information on each interest to either 
the individual tickets or the suspense 
ledger makes it possible for the girl to 
assemble the information quickly and to 
pay each owner with a single check no 
matter how many separate interests he 
may have. This feature cut Bay’s check- 
writing volume in half, even though the 
number of interests to be paid has actu- 
ally increased. 

On the stub of the check (Fig. 2-C) 
is printed a detailed statement of the 
different leases from which the interests 
are being paid, the amount of each, and 
the total of all. Again, totals are balanced 
with the previously established control 
figures. 

Carbons of the check and stub, made 
as a by-product of writing the checks, 
serve a dual purpose: (1) they are used 
to reconcile bank statements and (2) 
they form the basis, at the end of the 
year, for computing Bay’s Form 1099 
income tax purposes. Having, at most, 
only 12 checks for each interest for the 
year simplifies this job considerably. 


Fig. 2—Form for lease statement (A), 
form for statement of individual interest 
and form of payment check (C) 





51547 
51563 
51590 
51623 


CHECK No, 
51643 


01 20235 oars 
117529 166891 166891 117529 1234 


NM mar To a MH 10 4~ 


© Onvee of 


Jeoucs O11 Company 


Sects Revinsme Coupany 





lucy Joucs 





Geonec R, Trewas 


= \ | : 


753 
1255 
1003 
6025 


Faazen Ocvecorucat Co, 
Jauce lL. Ome 

Cuamce T. Feaess 
Fremcece 8, Lune 


Wacten H. & Gaace M, Dance 


1927868 





BAY Pipe 
lin 
Sacimane KORPORATION “ 
. . 11 723 


¥ 2422 
WA, 


114376 





Lease JOHN DOE 





BAY PIPE LINE i, 


STATEMENT OF OIL RUNS 
operator SMITH REFINING COMPANY 
_“ \ 


SAGINAW. MICHIGAN 











DistRicT KAWKAWLIN 





PERIOD 


2/1 - 2/28/4- + 





Tr y¥re 
ron 


cl rT 
waive | sanance | amount] 





i 
Yorac vanes | 


wervave | 


_| 


rode in Nencer 








117529 es 


166891 a 


SusSIOY 117529 


3485 


163406 


25 29382 192768 





(.04687 Ri Lucy Jones 














PETROLEUM PROCESSING, January, 1947 

















@ Here is an important new addition to the field of 
compressor equipment. It offers for the first time a 
complete compressor station that is semi-portable. 
The Clark 2-Cycle “Midget Angle” engine-compres- 
sor unit combines light weight and portability with 
rugged strength. Its almost perfect balance and freedom 
from vibration results in smooth-running performance 
day in and day out, no matter how frequently the unit 
may be moved or where installed. 
It is an ideal unit for small scale repressuring, tem- 
porary pipe line booster service, gas lift generator duty 
and other field services where costs must be kept down, 
Clark 6-cyl., 225 BHP “Midget Angle”, 


skid-mounted, on gas lift service in the oy Oe or where the location is isolated and hard to reach. 
Hardin Field in Texas. > 


ses oo a CLARK BROS. CO., INC., OLEAN, NEW YORK 


Send for a copy of this 20-page descrip- Bn ts Ee | 
: ’ ; New York 
tive bulletin on the new Clark MA“ Midget : saath 

Angle” gas-engine-driven compressor. —— 3 ore Los Angeles + London + Buenos Aires + Caracas, Ven. + Basrah, Iran 


GLARK 


ONE OF THE DRESSER INDUSTRIES 


* Tulsa + Houston + Chicago + Boston +» Washington: 





SETS THE PACE IN 
COMPRESSOR PROGRESS 
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AIR IS PROCESS COOLANT 
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General view of process area at Warren Petroleum Corp. natural gasoline plant. 

Left to right: second stage scrubber, rich oil heater, absorber-deethanizer column. 

debutanizer, cooling tower (background), air-coolers (foreground), debutanizer, 
and depropanizer. Horizontal vessels at right are accumulators 


Water Scarce—Natural Gasoline Plant 
Uses Air for 80% of Required Cooling 


HE prototype of what may be the 

“desert-type” natural gasoline plant 
of the future, in that it uses no steam and 
only very little water, has been recently 
placed in operation by Warren Petroleum 
Corp., near Holliday, Texas. 

It is a $1,500,000 project, combining 
natural gasoline extraction with repres- 
suring facilities for the Hull-Silk, Daume 
and East Holliday Pools of Archer Coun- 
ty, Texas. It handles 16,000,000 cu. ft. 
of gas per day and recovers 5 gal. of 
liquid products per 1000 cu. ft. of green 
gas processed. The chief innovations at 
this plant include: 

1. Elimination of steam generation 
by supplying heat required for process- 
ing from a direct-fired tube still in the 
distillation unit, which uses natural gas 
for fuel. 

2. Utilization of air for at least 80% 
of the required cooling. 

3. Operation of fractionator column 
reboilers with heat from the hot lean oil. 

4. Utilization of hot lean oil 
for all other heating requirements, in- 
cluding plant buildings. 

The prime reason for these innovations 
was the lack of suitable water in suf- 
ficient supply for a plant of this size. 
What little water there is in the vicinity 
comes from wells and is extremely 
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Engineering Innovations in Warren Petroleum Corp.'s 
$1,500,000 “Desert Type” Plant near Holliday Include 
Elimination of Steam, Use of Direct-Fired Oil Heaters 


By D. P. THORNTON, Jr. 
Assistant Editor 
PETROLEUM PROCESSING 


“hard”, It would have been necessary 
to lay a pipeline from the plant site to 
Lake Kemp, 17 miles distant, and also 
build a pump station at the lake, to sup- 
ply water for a conventional design of 
plant. In addition, an elaborate and 
expensive water treating system would 
have been required. 

It was this situation, company engi- 
neers say, that caused several major oil 
companies to abandon plans for build- 
ing a natural gasoline and repressuring 
plant in the area, despite the pleas of 
operators in the Archer county fields. In 
fact, several engineering contractors de- 
clined Warren’s invitations to bid on the 
project because they did not believe the 
proposed unconventional construction 
would permit an economically feasible 
plant. 

The fact the Holliday plant as built 
has met design estimates is a tribute to 


Warren’s engineering organization and 
to J. F. Pritchard Co., Kansas City, the 
contractors, who together worked out 
the final design. 

Surprisingly enough, despite its new 
features the plant cost but little more 
than had it been of conventional design, 
company officials say, because unusually 
large facilities would have been neces- 
sary to provide usable water. As it is, 
the water treating facilities are small. 
A single two-cell induced draft cooling 
tower with cooling sections installed be- 
low the V-pan is sufficient, and steam 
generating equipment and associated fa- 
cilities have been entirely avoided. 

The Holliday plant has been in opera- 
tion approximately six months. Some 
minor difficulties in operation were en- 
countered and corrected during starting 
up, but now the plant is operating well. 
Experience so far indicates the plant is 
simpler to operate than one ot conven- 
tional design and requires less man- 
power. Company officials also believe 
maintenance will be considerably less, 
due to elimination of boiler-upkeep ex- 
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CONTINUING RESEARCH in the Du Pont Petroleum Chemicals 
Laboratory means improvement of additives now in use... 
development of even better petroleum chemicals for the future. 
It’s your assurance of more and more service . . . more and 
more value for the products you sell. E. I. du Pont de Nemours 
& Co. (Inc.), Petroleum Chemicals Div., Wilmington 98, Del. 
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Air Is Process Coolant 








Main compressor 
building at Hiolli- 
day. First and sec- 
ond stage fin-type 
coolers are at cen- 
ter in front of build- 
ing. Vessel at right 
and behind cooler 
is inlet scrubber 


pense. The tubular oil heater, which 
supplies all plant heat, should require 
but little repair attention. 

As finally planned, the plant was to 
gather and process all casinghead gas 
from the three pools. The laying of 
more than 100 miles of pipeline was re- 
quired, ranging in size from 24-in. down 
to 2-in., picking up gas at about 11.9 psia 
at plant inlet and compressing it to 200 
psig plant absorption pressure. After 
processing, 6,000,000 cu. ft. of residue 
gas was to be compressed to 800 psig 
and 2,000,000 cu. ft. to 1800 psig and 
returned to the producing formations in 
the same ratio as received. 

The plant itself was designed to ex- 
tract a minimum of 60% propane and 
substantially 100% butanes, or 40,000 
gal. of 26-lb. natural gasoline and 24.- 
000 gal. butane-propane mixture daily. 
Provision also was included to increase 
propane extraction whenever desired by 
increasing the oil rate to the absorber. 
Analysis of the inlet gas is given in 
Table 1, 


Hot Lean Oil Supplies Process Heat 


All process heat was to be supplied 
by hot lean oil from the still, necessitat- 
ing somewhat more oil than would other- 
wise be required and adding to the nor- 
mal duty for hot oil pumps. and rich 
oil heater, Depropanizer overhead con- 
densate was selected as the still stripping 
medium, to be flashed into the still fol- 
lowing exchange with hot lean oil from 
the still bottoms. 

Over 80% of the plant cooling load 
was to be handled by fin-type air cool- 
ers, the duty for which includes cool- 
ing engine jacket water, cooling on the 





Fig. 1—Conventional flow dia- 

gram of Warren Petroleum Corp. 

natural gasoline plant near Hol- 
liday, Texas 
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first stage of gas compression, primary 
cooling on second-stage gas and primary 
cooling for still and debutanizer over- 
heads. 

Use of make up water was restricted 
io engine jackets and cooling tower. The 
products cooled by water are limited 
to final cooling on second stage gas (sum- 
mer only), absorber intercooler, lean oil 
coolers, still overhead condenser (final 
cooling only), depropanizer overhead, de- 
butanizer base and butane product cool- 
er. A small continuous softener, utiliz- 
ing soda ash, lime and alum, was in- 


Warren's rich oil 
heater is of the 
vertical tubular 
type, direct fired 
with natural gas. 
which supplies all 
process and build- 
ing heat for the 
plant in lieu of 
steam. To right of 
heater is specially 
designed purifier 
for absorber oil. 
Purifier is de- 
scribed on page 
17 of this issue, 
under “Plant Prac- 
tices” 























TABLE 1—Analysis of Raw Casinghead 
Gas Received at Holliday Plant 


Component Mol-% 
Methane ........ ; selem 65.64 
ME ct wacivsvws Pe j 9.99 
Propane ...... aes 11.90 
I . o ohscars o 640%. » waar Ki 1.35 
n-Butane ........ F ; 5.37 
a Wiitiine ow ops 05 tik aves ‘ ‘ 1.89 
scare: A, deiner oe 0 ahh 2.26 
eer 1.60 

100.00 





































Air Is Process Coolant 





stalled to take care of the limited quan- 
tity of makeup water thus involved. 

The “Alco” fin-type coolers, utilizing 
induced draft air as the cooling medium, 
are unique in natural gasoline plants. 
So far as is known, the Holliday plant 
is the first in the industry to use them 
to such an extent for general process 
cooling, although as the radiator on an 
automobile or internal combustion engine 
they are commonplace. 

At Holliday these coolers consist of 
several open sections of finned tubes, 
mounted in a housing open at the bottom 
and closed by the fan-housing on top. 
The fan is shaft-driven by an electric 
motor mounted on the cooler founda- 
tion. This equipment was manufactured 
by American Locomotive Co,, New York. 


Advantages of Air Coolers 


The advantages of the air-cooled heat 
exchangers are stated by the manufac- 
turer to be: (1) Operation is not affected 
by wind velocity or direction as regards 
efficiency; the natural draft construction 
may reduce power requirements suffi- 
ciently to permit operation at times with- 
out use of the fans. (2) Cooling surfaces 
are so positioned as to minimize damage 
by wind-driven sand, rain and hail. (3) 
Separate surfaces for separate cooling 
duties can be mounted in the same unit. 
(4) Fans can be driven by any type of 
power desired. 
to vary the numbers of passes to fit proc- 
ess requirements for a given job, allowing 
selection of minimum surface within 
pressure drop limitations of the process, 
maintaining maximum velocity required 
for highest heat transfer rate. 

The air coolers employ fin tube sur- 
faces of two types. Those for cooling 
engine jacket water use radiator sections 
consisting of several rows of tubes pass- 
ing through thin plates and bonded to 
them. Air passing over the tubes and 
between the plates picks up heat. The 
radiators are suspended from the struc- 
tural steel frame underneath the fan. 

The gas cooling and condensing units 
employ tubular bundles of a design sim- 
ilar to those used for many years in at- 
mospheric cooling towers. The fin tubes 
are rolled into the header boxes. Opposite 
each tube end is a plugged opening to 
permit rolling of the tube and also for 
cleaning, if necessary. The complete 
bundles are hung from the structural steel 
frame under the fan. All of the heat 
transfer surface is either Admiralty metal 
or copper, 


Each Air Cooler Self Contained 


Each air cooler is a self-contained unit, 
in that it includes the cooling fluid cir- 
culator. This circulator is a propeller 
type fan with the fan located above the 
cooling surface, thereby operating as an 
induced draft fan. With the induced 
draft fan, the air is drawn over the heat 
transfer surface at a relatively low velocity 
and discharged to the atmosphere at a 
much higher velocity. 


56 


(5) Headers are designed . 


TABLE 2—Analysis of Dry Gas from 
Holliday Plant 


Component 
Methane 83.05 
Ethane 10.61 
Propane 6.32 
i-Butane 0.02 


Mol-% 


100.00 





All pumps in the plant are electric- 
driven horizontal centrifugals except the 
cooling water circulating pumps, which 
are vertical mounted, deep-well centrif- 
ugals, and the products pumps for ship- 
ment to the loading rack, which also 
are deep-well type centrifugals. The fire 
pump is driven by a gasoline engine. 

Compressor horsepower totals approxi- 
mately 5000, divided between that used 
in boosting intake gas to 200 psi ab- 
sorber pressure and that for the repres- 
suring project. All are gas-engine driven. 
Electric power is generated by three 
870 h.p. gas engines driving 312 KVA 
generators and 7.5 KW belt-driven ex- 
citers; power is 440 v., three-phase, 60 
cycle alternating current. 


Water for engine-jacket makeup comes 
entirely from that condensed from the 
raw gas following the second stage of 
compression to plant absorber pressure, 
which amounts to about 1000 gals./day. 
The excess also supplies a portion of the 
cooling tower makeup; already soft, it 
requires no chemical treatment. Balance 
of plant water now comes from a small 
well near the property, which also wiil 
supply water for fire fighting. A line 
being laid from the nearby town of Hol- 
liday will augment this supply and also 
provide drinking water. 

All control instruments are installed 
in a control room centrally located in 
the process area, Air for actuation is 
scrubbed and dehydrated to prevent foul- 
ing of lines and valves. 


Process Description 


Raw gas from the field at 11.9 psia 
pressure is first scrubbed to remove any 
entrained liquids and compressed through 
two stages to 200 psi. First stage cool- 
ing is accomplished with a finned-type 
cooler, as is primary cooling of second- 
stage discharge. Final second-stage cool- 
ing—in summer only—is attained by 
open sections in the cooling tower. The 
processing arrangement is shown in Fig. 
 ¥ 

The green gas then passes to a 30- 
tray combination de-ethanizer and ab- 
sorber. The top 20 trays of this tower 
operate conventionally as an absorber, 
equipped with a _ water-cooled _inter- 
cooler on the 13th tray from the top. 
Rich oil from the absorber section bottom 
tray is circulated through a rich-to-lean 
oil exchanger to pick up heat and re- 
turned to the top of the 10-tray de- 
ethanizer section of the tower as reflux 
against a small stream of raw gas admit- 


ted at the bottom for agitation and to 
help sweep out ethane and lighter. Bot- 
toms then are charged to the rich oil 
heater. 

Dry gas, absorber overhead, passes 
through two mist extractors which recov- 
er a considerable amount of oil from the 
gas if the absorber is heavily loaded and 
thence to plant fuel, for fuel use in the 
field and to compressors for repressuring 
the oil pools. Table 2 shows the com- 
position of this material. 


Propane Used for Stripping 


From the heater, rich oil passes to 
the still, which is conventional except 
for the fact that propane, heated to 400° 
F. by exchange with hot lean oil leav- 
ing the still, is used instead of stripping 
steam, It is introduced through a spider 
near the still bottom. Overhead is par- 
tially condensed in an air cooler, passes 
through the reflux accumulator and final 
condenser (open coil water-cooled) into 
the make-tank. 

Hot lean oil from the still is made to 
pay its way. A sidestream from the 
still bottoms is utilized to heat a portion 
of the depropanizer overhead conden- 
sate used for agitation in the still, the 
balance of the lean oil providing re- 
boiler heat to depropanizer and debu- 
tanizer side streams, plant buildings, and 
to heat fat oil at the combination de- 
ethanizer and absorber. Another small 
sidestream from still bottoms is passed 
through a lean oil purifier on its way to 
the lean oil surge tank. This purifier is 
direct-fired with gas, vaporizing the lean 
oil to remove heavy ends. (A detailed 
description of the lean-oil purifier appears 
in the “Plant Practices” section of this 
issue, pg. 17.) 

Since it was not intended to split the 
butanes and pentanes, only two 30-tray 
fractionators were installed in the plant 
to produce propane-butane mixtures and 
natural gasoline. Provision has been 
made for the installation of additional 
fractionation facilities, if and when 
needed to make other products. 

Still condensate is pumped from the 
make-tank to the depropanizer through 
an exchanger where heat is picked up 
from cebutanized ‘gasoline. In this con- 
ventional 30-tray column partial de- 
propanization occurs, the bottoms prod- 
uct passing to a 30-tray debutanizer. 
Overhead is condensed through open sec- 
tions in the cooling tower . . . used for 
refiux and as a stripping medium in the 
still. The excess is piped to dry gas 
disposal. 

In the debutanizer, natural gasoline of 
any desired vapor pressure is withdrawn 
as bottoms, passing to storage through 
heat exchange with still-make and final 
cooling in open coils in the cooling tow- 
er. The overhead product, a propane- 
butane mixture, is condensed by fin- 
type air coolers and finally cooled by 
water-cooled open sections in the cool- 
ing tower. 
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CIENTIFIC research by “mass pro- 

duction” methods has been developed 
to a high degree by the Ethyl Corp. at 
its Detroit Laboratories. Using many 
new fechniques for multiple chemical 
analyses and over 50 engine test stands, 
that company has devised ways for car- 
rying out simultaneous studies on a wide 
variety of fuel and engine problems. 

The methods and equipment Ethyl 
uses were revealed Nov. 14-15 when 
representatives of the petroleum, auto- 
motive and aircraft industries were in- 
vited to inspect the company’s Detroit 
buildings, completed in December, 1941, 
but since closed to the public. 

A major part of the more than 123,000 
sq. ft. of floor space in the six main 
buildings, which include nearly 70 chemi- 
cal and engineering laboratories, is de- 
voted to fuel problems—ping, knock, 
TEL improvement, and the like. 

The pictures on this and the next 
two pages illustrate in part what goes 
on in Ethyl’s Detroit laboratories, shown 
in general aerial view {J and sketch &. 

In the chemical pilot plant is a com- 
plete 1/100th scale TEL manufactur- 
ing plant in which extensive experimental 
work is done, A technologist is shown 
at charging the alkylation autoclave, 
which is part of this unit. 

The apparatus seen atEJis used in the 
organic laboratories to determine the 
lead content of fuels before they are 
engine-tested. In addition to  experi- 
mental blends made in its laboratory, 
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Ethyl checks products of the many oil companies with whom 
it works on mutual research problems. 

A total of 34 underground fuel storage tanks, ranging from 
500 to 10,000 gallons capacity each, supply test fuels for the 
various engine laboratories. Equipment for blending these fuels 
in the desired proportions is shown at Suction and fill pipes 
are arranged in two groups (foreground) with three transfer pumps 
between them. Pumps, pipe ends, and connecting hose are 
equipped with quick-coupling fixtures. A 90-gallon, agitated tank 
on platform scales in middle background provides additional 
blending facilities for small quantities of fuel. 

Distribution of either blends or straight fuels to the feed 
tanks at the various engine test stands is accomplished by means 
of a “fuel switchboard”, ]. Quick-coupling fixtures are again 
used here. Pipe ends in the bottom panel lead to the engine 
stands; those in the upper panel lead from the gravity feed tanks 
to which fuels to be used are first pumped from storage or blend 
tanks. 

For some engine tests Ethyl uses full-scale automotive equip- 
ment in rooms under carefully controlled conditions. A truck 
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tractor is under test in the “hot” room in {j. Rear drive wheels 
of truck revolve on drums flush with the floor, transmitting 
power against a dynamometer, by whicl means engine output 
is measured, Room temperature can be varied from 25 to 150° F. 
Blast of air at front of vehicle can be supplied at controlled 
velocities corresponding to apparent speed of truck at rear wheels. 
Engineer in control room, seen through window at left, is in 
telephonic communication with engineer in truck cab. 

In a “cold” room, similar equipment enables Ethyl to check 
fuels in cars and trucks under temperature conditions as low as 
30° below zero. 

In addition to such special study rooms, equipment is pro- 
vided for multi-cylinder engine durability tests in the 60 x 54 
ft, room shown at BJ containing six double-end dynamometers. 
Each stand is self-contained with respect to control panel, fuel 
supply and the like. Overhead tram cranes handle engines and 
other accessories for servicing. Double-end dynamometers permit 
running one test engine while a second is being torn down or 
repaired. 

Single-cylinder engine durability tests are conducted on the 
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set of 10 units shown in J in a room adjacent to that shown in 
8. Equipment is the same type, but smaller in size than that 
shown in the larger room. Dynamometers are single-end style. 

After test runs, engines are dismantled and examined. Each 
part undergoes rigid inspection to determine the effects of dif- 
ferent fuels. Apparatus for measuring piston ring tension is shown 
at and for microscopic study of an. exhaust valve at [], 

Performance data on engines, engine parts, fuels, lubricants, 
and all accessories is then collected and studied in correlation to 
chemical and metallurgical analyses. The problem to be met 
in each case is different, depending upon where the improve- 
ment is desired, 

Ethyl’s original laboratories were moved from Yonkers, N. Y., 
to Detroit in 1927, and greatly expanded, especially in the line 
of aircraft fuel and engine research. The first site in uptown 
Detroit did not permit space for sufficient expansion, so the 
present location, a 26-acre tract in Ferndale, a Detroit suburb, 
was acquired and construction of the pilot plant begun in 1936. 
The Chemical Research group was moved to Ferndale in 1939, 
and the existing facilities finally reached completion in 1941. 














Another BECKMAN pH Advancement! 


THE BECKMAN MODEL H 
PORTABLE AC pH METER= 


Some Important Features 
of The Beckman Model H 


Full AC Operation: The Model H is completely self-contained 
and operates directly from standard 115 volt AC lines without 
accessory equipment of any kind. 





High Accuracy: The accuracy of the Model H instrument is 
equivalent to that of the well known Model M and Model G Beck- 
man pH Meters. For rapid work, accuracies of 0.1 pH unit are 
easily obtained, and more careful attention to technique permits 
determinations to 0.02 pH units. Such high accuracy has never be- 
fore been available in a compact AC pH Meter. 


Single-Point Buffer Calibrations: With the Beckman Model 
H it is not necessary to calibrate with two buffer solutions. The 
Model H incorporates a unique electronic circuit that permits ac- 
curate readings regardless of variations in resistance of the glass 
electrodes due to aging or due to electrode temperature changes 
after calibrations. This important advantage is accomplished with- 
out need for multiple buffer calibrations. 


Maximum Temperature Stability: After a short warm-up 
period, subsequent change in calibration of the instrument due to 
temperature effects is very small—only about 0.1 pH unit in the first 
two hours and 0.05 unit subsequently. When maximum accuracy is 
required, this change may be instantly checked and corrected with- 
out rechecking against buffer solution. 


Full Temperature Compensation, 0 to 100°C: A built- 
in temperature compensator covering the full range of 0° to 100°C 
can be set to comp te aut tically the effect of temperature 
changes on the EMF of the glass electrode over the entire pH range 
of the instrument. Thus, the pH at the electrode temperature may be 
read directly from the dial without calculation or corrections. 





Direct Millivolt Scale: The Model H Meter is graduated in 
millivolts as well as pH units, and a range switch permits measuring 
directly either in millivolts or pH at will. 


Rugged Lightweight Construction: The Model H is housed 
in a cast aluminum case with an attractive dark gray wrinkle finish. 
The instrument weighs approximately 10 pounds, complete, and is 
easily carried. For maximum operating convenience the meter dial 
and all controls are mounted on a sloping panel. 








The First Portable AC pH Meter with DC 
Accuracy, Simplicity and Dependability 


M/O LONGER need you sacrifice accuracy and de- 

i % pendability to getthe convenience of AC operation 
in a portable pH Meter. For now the same organization 
that pioneered modern glass electrode pH equipment, 
and has pioneered every major advancement in modern 
pH instrumentation and methods, brings another im- 
portant development...a portable pH Meter that oper- 
ates from standard AC current without sacrificing any 
of the accuracy and dependability that are so essential 
in modern pH applications. 


This new instrument —the Beckman Model H pH 
Meter — has been in development over a long period of time. 
Many different designs and circuits were tested and rejected 
before an instrument was perfected that meets the rigid 
Beckman standards of excellence. The Model H Meter is not 
just an “AC” pH Meter. It is an instrument embodying ad- 
vancements in circuit design that insure the same high oper- 
ating efficiency and accuracy that have made Beckman pH 
Equipment standard throughout the world. 


A few of the many unique features incorporated into 
the Beckman Model H pH Meter are outlined at right. Con- 
tact your nearest distributor of Beckman pH Instruments 
for further details...or write direct. Beckman Instruments, 


National Technical Laboratories, South Pasadena 23, Calif. 
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PAPER 


A procedure for calculating yields, octane numbers, and required 
operating conditions in the Naphtha Polyform Process is discussed and 
illustrated with examples. It involves use of the “C.’s and Lighter” formed 
as an appropriate index of the severity of treatment, a method which. the 
authors predict may be a promising new instrument for other thermal con- 


version Operations. 


The Naphtha Polyform Process is a thermal method for upgrading 
naphthas and low-octane straight run gasolines. It was the subject of three 
papers presented at the recent API meeting in Chicago (Nov. 11-14). Two 
of the three papers were published in their entirety in the December issue 
of Petroleum Processing (pp. 267 and 278) and described the process, 
recent improvements in it, and the charging of excess refinery gases with 
the liquid stocks. This present paper is the third of the series. 


O PROVIDE the most efficient 
utilization of the Polyform Process 
in present day refinery operations, a 
generalized correlation has been pre- 
pared, based on data from a large number 
of pilot plant runs. Using this correla- 
tion, it is possible to calculate the yields 
of hydrogen, methane, ethane, ethene, 
propane, propene, butanes, butenes, iso- 
pentane, n-pentane, pentenes, C, — 
400° F. E. P. fraction, and tar; CF 
motor and research octane numbers, 
clear and leaded; the rate at which 
propane, propene, butanes, and butenes 
must be recycled for a given conversion; 
and the amount of reaction coil volume 
required to obtain the desired conversion 
with a given heater temperature gradient. 
While the correlation is general the 
examples in the present paper deal with 
the polyforming of 200-400° F, Eastern 
Venezuela naphtha (Table 1) at 1500 
psi, both with and without the addition 
of outside C, fractions, and illustrate the 
calculation procedure employed. The 
complete correlation covers 139 pilot 
plant runs on 17 charge stocks, ranging 





TABLE 1—Properties of Eastern Vene- 
zuela Naphtha Charge 


i SO ooo. cee ae Cones we cen'e 46.8 
ASTM Dist., °F. 
UE Oe oo ge rs mg aera ae 220 
ee ee rr see ee 304 
MN 3 h.5. Wie no, 2 a ee oe a Bere eee ae 818 
Ae Re ome: 329 
| RS ea esr eer rs e 342 
EERE ESE TA te enone were 374 
5 ee atte ean bi wie ce aoe a alas 420 
I Me a od iain wip ime 117 
CFR M Octane Number ............. 45.6 
CFR R Octane Number .............. 47.9 
Characterization Factor® ............ 11.67 
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from Rodessa naphtha, of 12.2 character- 
ization factor (3) and 22 CFR M octane 
number, to catalytic cracked naphtha, 
of 11.1 characterization factor and 77.4 
CFR M octane number. It is applicable 
both to straight or self contained poly- 
forming and to polyforming with the 
addition of outside C, and C, fractions, 
ranging up to 60 vol. % of the naphtha 
charge and varying in olefin content 
from zero to 60 vol. %. 

In making this correlation the pilot 
plant data were first converted to a 
once-through basis from a series of ma- 
terial balances around the stabilizer and 
absorber. The amount of each compo- 
nent from hydrogen through tar entering 
and leaving the polyform coil was deter- 
mined for each run. In this way the 
straight polyform runs and. runs with 
outside gas were placed on a comparable 
basis, the principal difference being in 
the relative amounts of some components 
such as propane and propene present at 
the coil inlet. This difference made 
possible calculation of the effects of in- 
dividual components on yields and 
octane numbers. 

Experience in previous correlations has 
shown the convenience of using an ap- 
propriate severity index which can be 
related to product yields and product 
characteristics on the one hand and to 
operating variables such as time anc 
temperature on the other. Having placed 
all of the polyform runs on a common 
basis, the next step was therefore to find 
a suitable severity index. Selection of 3 
severity index for the Polyform Process 
was limited by the fact that so many of 
the light gaseous components are re- 
cycled. It was necessary to find an in- 
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dex in which no substantial amount of 
the components would be recycled, or 
if recycled would not be further con- 
verted to any appreciable extent. This 
narrowed the choice to “C,’s and Light- 
er” formed during operations, expressed 
as wt. % of the total stream fed to the 
reaction coil. Reaction velocity studies 
later showed that this was a fortunate 
choice. 

It has been found that yields, through- 
puts and product characteristics can 
all be related as functions of four major 
variables: 

1. Character of fresh charge, as de- 
fined by naphtha octane number and 
characterization factor and by amount 
and composition of outside gas. 

2. Severity of treatment, as indicated 
by the “C,’s and Lighter” severity index. 

8. Extent of recovery and recycling 
of C, and C, fractions as determined by 
operation of the absorber and stabilizer. 

4. Operating pressure, which is a vari- 
able of lesser effect than the other three. 


Yield Correlation 


Preparation of the yield correlation was 
aided by the fact that a number of pilot 
plant runs were made charging practical- 
ly pure propane as outside gas. From the 
increase in yield for these runs over 
those from straight polyforming the in- 
cremental effect of propane was deter- 
mined. In other runs mixtures of propane 
and propene were charged as outside gas 
and the incremental yield due to propene 
coukd thereby be evaluated. Similarly, in- 
cremental yields for butanes and butenes 
were determined, It is these incremental 
yields that are shown in Figs. 2 and 3. 

Yields for butanes and butenes are 
based on relatively few runs, so these 
relations cannot be used with as great 
assurance as those for propane and pro- 
pene. They are included as tentative re- 
lations pending more complete pilot 
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plant data which are now being obtained. 
The following averaged yields from bu- 
tanes are being used at present for al! 
values of severity index: 

Wt. % of Butanes 


Converted 
Ce’s and Lighter . $2.5 
C; Fraction ... , ee 
C,-400° F. E.P. Fraction ... 50.9 


In making the yield studies on butanes, 
it was found that the butanes go through 
intermediate products in being converted 
to the final products tabulated above. 
The amounts of these intermediate prod- 
ucts, propane and propene, are shown 
in Fig. 4. These must be taken into ac- 
count in calculating heater circulation 
rates but not in calculating ultimate 
yields. 

It was found that the composition of 
the “C,’s and Lighter” and C, fractions, 
for all operations studied, could be satis- 
factorily represented by the following 
averaged values: 


Wt. % of “C.’s and 
Lighter” Fraction 


Hydrogen . 06 
Methane .. 45.4 
Ethane .. 42.9 
Ethene » Bae 
Wt. % of 
C; Fraction 
ky aa Held baer eee 19 
ii ys Seen eee eee 27 
I aoc ha eta 54 


The relationships employed in calcu- 
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lating yields from the Polyform Process 


are 


given in Figs. 1 to 3, inclusive. A 


sample calculation is shown in Table 2. 


Fig 


. 1 gives the yields of various com- 


ponents from Eastern Venezuela naphtha 


at 1500 psi as a function of wt. 


4 
% 


C,’s 


and Lighter.” At any given severity the 
yields from the naphtha alone are set 
down in a calculation sheet similar to 
Table 2. The amounts of various compo- 


nen 


ts charged are also set down. Compo- 


nents such as propane, propene, butanes, 
and butenes charged to the process are 


add 


YiIELOS FRCM BUTENES -WT % OF BUTENES CONVERTED 


Fig 


ed to the amounts of those components 
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. 3—Yields from butenes at 1500 psi 
pressure 
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a aha made from the naphtha to give the total 


From this total are subtracted 


the amounts of these components leaving 
the process in the gas and polyform dis- 


tillate, 


giving the amount converted. 


From the amount of each component 
converted and the yields in Figs. 2 and 3, 
the yields of various products from C, 
and C, fractions are determined and add- 


ed to those from the naphtha. 


Thus it 


is seen that the calculation of a polyform 


yield by this procedure is 


making a material balance. 


yields for a wide variety 


as simple as 
Complete 
of polyform 


conditions can be readily calculated. 
Yields on a wt. % basis have been used 
in preference to the more conventional 


vol. % basis because of the 


much greater 


convenience in making the calculations. 

The accuracy of the yield calculation 
procedure is shown by the following 
tabulation of average deviations for 110 


pilot plant runs: 


Average Deviation 


as Wt. % of 


Naphtha Charge 


Hydrogen 
Methane 
Ethane 
gts her tye oh ic gee) a 
C2’s & Lighter 
iso-Pentane 
n-Pentane 
I en oo ge 
Total C; Fraction 


Tar 


C,-400° F. E.P. Fraction ... 


No deviations are shown for propane, 
propene, butanes and butenes, because 
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As we start on our 101st year of making valves for industry, we feel 
that the past record of Powell Valves throughout 100 years of meeting 
every industrial flow control requirement as it has arisen constitutes 
a definite assurance of future performance. 


So, whenever you need valves—for replacements or for new installa- 
tions—consult Powell. If you have any flow control problems, Powell 
engineers will be glad to help you solve them. 


The Wm. Powell Co., Cincinnati 22, Ohio 


DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES 


Catalogs on request. Kindly state 
whether you are chiefly interested 
in Bronze, Iron, Cast Steel, or 
Corrosion-Resistant Valves. 
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NDER a single contract, Arthur G. McKee & Company are designing and building the 
following projects for Petroleos Mexicanos: 

40,000 barrel refinery at Atzcapotzalco. 

65,000 barrel crude stabilization plant and75,000,000 cubic foot absorption plant at Poza Rica. 


Doubling of crude oil pumping facilities from Poza Rica to Mexico City. 


This is an example of the McKee method of Undivided Responsibility in one Organization. 


Me 
Arthur G. Mckee & Company 
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TABLE 2—Yield Calculation 


DESCRIPTION 
ond 
CONDITIONS 


of 
OPERATION 


COMPONENT 
AMOUNT 
CHARGED 
AMOUNT MADE 
FROM NAPHTHA 
NET YIELD 
HYDROGEN 


0.6 | 45.4) 42.9) 11.1 


Sheet, Showing Sample Calculations When Polyforming 


and Without the Addition of Outside Gas 


ETHENE 
PROPANE 
PROPENE 
BUTANES 
BUTENES 
ISOPEN TANE 


Eastern Venezuela Naphtha, With 


OF NAPHTHA 


CIRGULATION 
+ 


CONVERSION 
PER PASS 


CIRCULATION 


of Composition: wih 








19.0} 27.0] 54.0 








i Savane ee see 





i a leona j I 


aaa 1 i I 


ST 


—_ -——— « 





X, severity index, C,'s ond lighter formed, wi% of heater feed 
* These compositions ore the average distributions observed in the 


net yields of these compounds cannot be 
predicted from the correlation alone. 
These are recycled in the Polyform 
Process and in most operations represent 
both charge and products. Yields of 
these compounds depend not only on 
the reaction coil but to an even greater 
extent on the design and operation ‘of 
the gas recovery equipment. Thus the 
net yields of propane, propene, butanes, 
and butenes can be varied between zero 
and the total amount of each of these 
components charged and made from the 
naphtha, by changing the degree of re- 
covery in the stabilizer and absorber. 


Required Circulation of Components 


Figs. 5 to 8, inclusive, present relation- 
ships between the conversion per pass, 
Y, of propane, propene, butanes and 
butenes and the severity index. From 
these relations, the required amount of 
each component, c, in the heater feed, 
per unit of naphtha charge, can be 
calculated with the aid of the following 
equation: 


P+b+ge-e 





7 = 
P+b+c 

Where 

Y = Conversion of any given compon- 
ent per pass (wt. fraction of com- 
ponent charged and made). 

P = Amount of component made from 
the naphtha, read from Fig. 1. 

b = Amount of component made from 
butane, calculated from Fig. 4. 
(Applies only to calculation of 
C,’s circulated). 

g = Amount of component charged as 
outside gas, expressed as wt. % of 
naphtha charge. 

é€ = Net yield of component eliminated 
from the unit, expressed as wt. % 
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pilot plant data 


| enn SAS co 
¥ Based on 40% Cz Recovery 
t++Besed on /0% C4 fecovery 


of naphtha charge, This is depend- 
ent on operation of gas recovery 
equipment. 

Rate of circulation, i. e. heater feed 
rate, of the particular component 
expressed as wt. % of naphtha 
charge. 


Sample calculations are given in Table 2. 


Fig. 5 presents the conversion per pass 
factor, Y, for propane as a function of 
the severity index. Using the above 
equation together with Fig. 5, it is pos- 
sible to calculate the required propane 
circulation within an average deviation 
of +11.8 wt. % (basis naphtha charge). 

Fig. 6 presents the conversion per 
pass factor, Y, for propene in nomograph 
form as a function of severity index, op- 
erating pressure, and the olefin concen- 
tration of the outside C, fraction charged 
plus that made from naphtha. This re- 
lationship permits calculation of required 
propene circulation within an average 
deviation of +4.6 wt. % (basis naphtha 
charge). 

Fig. 7 gives the conversion per pass 
factor, Y, for butanes, and Fig. 8 gives 
this factor for butenes as a function of 
“C,’s and Lighter.” Like the corre- 
sponding yield values these relations are 
only tentative, pending more complete 
data, 

Octane Number 


Figs. 9 and 10 give the CFR motor 
and research octane numbers of poly- 
form gasoline produced from Eastern 
Venezuela naphtha as functions of the 
“Cs and Lighter” severity index and 
the weight ratio, a, of propane in the 
heater feed to the total propane plus 
naphtha in the heater feed. 

The effect of propane circulation in 
raising octane numbers is one of the in- 
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Fig. 4—Intermediate yields of propane 
and propene from butanes 
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Fig. 5—Propane converted per pass 


teresting features of the Polyform Proc- 
ess. Taking a propane ratio of zero to 
correspond to thermal reforming, it will 
be seen that at a propane ratio of 0.65, 
corresponding to polyforming with 16 
wt. % outside propane (basis naphtha 
charge), the CFR M and CFR R octane 
numbers are approximately 4.0 and 8.0 
points higher, respectively, at the same 
severity. Actually, the over-all advan- 
tage is greater than this because the 
presence of circulated propane permits 
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Fig. 6—Nomograph for conversion per pass of propene 


operating at greater severity without 
coking and increased gasoline yields are 
obtained, amounting to some 35 wt. % of 
the propane converted. 

By taking account of the charge cc- 
tane number and characterization factor 
it has been possible to generalize the re- 
lationships of Figs. 9 and 10 to cover a 
wide range of naphtha charge stocks. 
The average deviation of observed values 
from those predicted by these general- 
ized expressions is +1.09 CFR M octane 
numbers and +£1.48 CFR R octane num- 
bers. 

Using Eastman’s method(!) together 
with these octane expressions it is pos- 
sible to calculate the leaded octane num- 
bers of polyform gasoline containing up 
to 3 cc. of TEL per gal, within an av- 
erage deviation of +1.07 CFR M and 
+1.34 CFR R octane numbers. £East- 
man’s method correlates a lead response 
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factor, 8, with wt. % sulfur by the lamp 
method and the clear octane number 
sensitivity (CFR R minus CFR M) of the 
gasoline. 

Correlation of Severity Index 


Having found that “C,’s and Lighter” 
formed per pass was an index of severity 
of treatment which could be correlated 
with yields, octane numbers and required 
heater circulation rates, the final steps 
comprised tying this index to operating 
conditions. This was done through a 
procedure for calculating conversion per 
pass and pressure drop in tubular reac- 
tion coils, which has been previously 
described (2). 

As brought out in Reference 2 this 
method involves determining reaction 
velocity constants from laboratory pilot 
plant runs and then using these constants 
to calculate the amount of conversion 
that will take place in a proposed com- 











mercial reaction coil. A plot was pre- 
sented which correlates reaction velocity 
constants from polyforming runs with 
the weight ratio, a, of propane in the 
heater feed to the sum of propane plus 
naphtha, and the aniline point of the 
naphtha charge. The average deviation 
of the reaction velocity constants from 
this plot is +11%. 

When “C,’s and Lighter” formed is 
used as a measure of the severity of 
thermal treatment the reaction velocity 
constant is relatively independent of 
charging stock. For example, the value 
for propane at 800° F. is 3 x 10-6 
whereas that for 23° API topped East 
Texas crude at the same temperature is 
only 9 x 10-8. This difference is much 
smaller than when reaction velocity is 
expressed in terms of material decom- 
posed. On this basis “C,’s and Lighter” 
would be the main products in cracking 
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Fig. ‘7—Butanes converted per pass at 
1500 psi pressure 
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Fig. 8—Butenes converted per pass at 
1500 psi pressure 
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Fig. 9—CFR Motor octane number of 
10 RVP gasoline 
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Investigate This Efficient 


THERMAL Repucine VALVE 
If You Use Process Steam 


The above simplified flow chart shows how a G-R Ben- 
tube Evaporator can serve to produce large quantities 
of low-pressure steam for process work. The advantages: 


l. The high-pressure steam used to operate the 
evaporator is all returned to the boiler, after 
use, in the form of condensate. 


2. No raw. scale-forming make-up or contami- 
nated condensed process steam is fed to the 
G-R boiler, thus reducing boiler maintenance. 


3. The scale-shedding heating elements of the 
BENTUBE G-R Bentube Evaporator maintain rated 
EVAPORATOR 


heat transfer without requiring hand scaling. 


4. The evaporator is practically 100% thermally 
efficient. 


5. Ideal plant heat balance can be arranged. 


Many millions of pounds per hour 
of process steam are now being 
produced in highly successful G-R 
Bentube Reducing-Valve Evapo- 
rator plants. For more complete 
details, write for free copy of our 
Bulletin 364. 


THE GRISCOM-RUSSELL CO. 


285 Madison Ave. New York 17, N. Y. 


GRISCOM-RUSSELL 
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Fig. 10—CFR Research octane number 
of 10 RVP gasoline 


propane and the constant would still be 
about 3 x 10-6. However, gas and 
gasoline would be the major decomposi- 
tion products from topped East Texas 
crude and “wt. % gas plus gasoline 
formed” would be the conventional in- 
dex for expressing cracking. Here the 
reaction velocity constant would be about 
240 x 10-6 or 80 times that of propane. 
Thus while high boiling stocks such as 
topped crudes crack to gas and gasoline 
at relatively high rates they still form 
“C.’s and Lighter” at roughly the same 
rate as lower boiling stocks. Reaction 
velocity constants based on “C,’s and 
Lighter” are independent of operating 
pressure. 

Preliminary studies indicate that the 
procedures illustrated in this paper can 
also be applied to gas oil polyforming 
operations. Thus it would appear that 
the correlation methods employed are 
sufficiently fundamental to cover a fair- 
ly wide range of problems and that “C,’s 
and Lighter” may be a promising new 
instrument for correlating yields, product 
characteristics and operating conditions 
in thermal conversion operations. 
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Correction, Please 


Our attention has been called to 
two errors which appeared in the 
December, 1946, issue of Petro- 
leum Processing. In “Polyform 
Process Utilizes Excess Gases in 
Upgrading Naphthas and Gaso- 
lines,” pg. 244, the statement re- 
garding royalty should have said 
that it will be “of the order of 
$7.50 per barrel of daily furnace 
throughput capacity,” not “per bar- 
rel of daily throughput capacity.” 

In “Naphtha Polyforming,” pg. 
272, Fig. 6, the values from 8 to 
61 in the center grid represent the 
octane number of the charge. 
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Petroleum Technologists in the Headlines 











Mr. Jackson Mr. 


Sheldon 


R, Rea Jackson has been appointed 
manager of the Paulsboro, N. J., refin- 
ery of the Socony-Vacuum Oil Co. He 
succeeds Howard W. Sheldon who has 
been transferred to the company’s head- 
quarters in New York City to become 
assistant director of Socony-Vacuum lab- 
oratories. 

Mr. Jackson has been general super- 
intendent of the Beaumont, Texas, re- 
finery of the Magnolia Petroleum Co., 
an affiliate of Socony-Vacuum, for the 
last ten years. He joined Magnolia as a 
chemist in 1923 following his graduation 
from the University of Texas. 

Mr. Sheldon was graduated from the 
University of Michigan in 1917 and 
joined Socony-Vacuum as an engineer 
at Paulsboro refinery in 1926, In 1929 
he was transferred to New York and be- 
came chief chemical engineer of the Re- 
search and Development department. 
Four years later he returned to Paulsboro 
as chemical engineer and in 1943 be- 
came general manager of the refinery. 

& x cod 

C, R. Johnson, former Lt. Com. in the 
U. S. Navy is now on the engineering 
staff for Shell Oil Co., San Francisco. 


% o co 


M. I. Moyer has returned as chemist 
at the Tallant, Okla., division of Cities 
Service Oil Co., after being in the service. 

a % bod 

Franklin G. Wilson has joined the 
API as assistant to David V. Stroop, di- 
rector of the department of Safety. He 
will be stationed temporarily in the 
Washington office. 

Mr. Wilson was with the government’s 
Air Transport Service in a civilian ca- 
pacity, was with PAW during part of 
the war, and previously was with Cities 
Service Oil Co. and Gulf Oil Co. 


a o oe 


Robert Matteson, supervisor in charge 
of the analytical division of the Rich- 
mond Laboratories of California Research 
Corp., a Standard of California subsid- 
iary, has been elected chairman of the 
California Section of the American 
Chemical Society for 1947. He succeeds 
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Dr. Louis B. Howard of the U. S. De- 
partment of Agriculture. 

Other new officers of the Section in- 
clude George M, Cook, California Re- 
search Corp., secretary, and Fred D. 
Tuemmler, Shell Development Co., 
treasurer. 

Mr. Matteson has been active in the 
development of science and industry on 
the Pacific Coast and was instrumental 
in organizing the Pacific Coast Exposi- 
tion, He holds a B.S. in Mechanical En- 
gineering from the University of Cali- 
fornia at Berkeley and was formerly on 
the research staff of Standard Oil Co. 
of California. 

cod 2 = 


Karl Beaver, a former Lt., in the U. S. 
Navy Bureau of Aeronautics is now con- 
nected with Ethyl Corp., Detroit. 

a Los Oo 

Samuel H. Lee, Jr., formerly with 
Shell Oil Co., is now assistant professor 
of chemistry at the University of Texas, 


Austin. 
bod & & 


Beginning Jan. 1, 1948, Dr, Charles 
Allen Thomas will take office as presi- 
dent of the American Chemical Society. 
He is a vice president and technical di- 
rector of the Monsanto Chemical Co. 
and one of the key 
figures in the de- 
velopment of atom- 
ic energy. 

Dr. Thomas re- 
ceived the Medal 
of Merit from the 
War Department 
for his services dur- 
ing the recent war. 
He was the leader 
in developing cata- 
pult rockets and 





Dr. Thomas other types of 
rocket propelled 
missiles. 


Born in 1900 Dr. Thomas was grad- 
uated from Transylvania College and 
M.1.T. with degrees of B.A., M.S., and 


Sc.D. In 1923 he joined the General . 


Motors Research Corp. as a_ research 
chemist. His work resulted in the pro- 
duction of tetra-ethyl lead, Later, he was 
transferred to the Ethyl Gasoline Corp. 
as a research chemist. In 1926, together 
with Dr. C. A. Hochwalt, he organized 
the Thomas and Hochwalt Laboratories 
at Dayton, Ohio, and specialized in con- 
sulting and research work for industrial 
concerns. In 1936 the laboratories were 
taken over by Monsanto Chemical Co. 
and Dr. Thomas became central research 
director of the company. 

At Monsanto, Dr. Thomas centered 
his work on the production of synthetic 
resins from petroleum hydrocarbons and 
formation of diolefins, olefins and aro- 


matics by the pyrolysis of hydrocarbons, 
plastics and synthesis of various aliphatic 
compounds. 

Author of numerous scientific papers 
and holder of many patents, Dr. Thomas 
became a vice president of Monsanto in 
April, 1945. 

cod 2 a 

Per K. Frolich, a past president of the 
American Chemical Society, has been ap- 
pointed to the newly created post of co- 
ordinator of research for Merck & Co., 
Inc., Rahway, N. J. He comes to Merck 
from Standard Oil Development Co. of 
New Jersey, where he was director of 
the chemical division of Esso Labora- 
tories. 

% & % 

Honorably discharged from the Navy, 
Harry F. Hostetler is now fuels and lu- 
bricants engineer with Standard Oil Co. 
of Ohio at Cleveland. 

a * 2 

F. C. Buckwalter was elected chairman 
of the Kansas Society of Petroleum En- 
gineers at its December meeting. He is 
with Shell Oil Co. 

Also with Shell and elected along with 
Mr. Buckwalter was R. G. Daley, secre- 
tary-treasurer, 

& a o 

J. Paul Ratliff, Jr., engineer for Humble 
Oil and Refining Co. at Crowley, La. 
has been transferred to New Orleans. 

& a ” 


Urban M. Warren, formerly foreman 
at Long Beach, Calif. has been trans- 
ferred as a foreman to the Bakersfield 
plant of Shell Oil Co, 


a °° 2 


Lawrence O’Donnell has been pro- 
moted to regional chief mechanical en- 
gineer of Shell Oil Co., Inc., in Houston. 
The regional staff coordinates activities 
and acts in advisory and consultant ca- 
pacities for the areas east of the Rockies. 
W. S. Crake has been promoted to chief 
mechanical engineer for the Houston 
area. Other new offices are located in 
Midland, New Orleans and Tulsa. 


* o % 


Max W. Ball has been named for the 
appointment of director of the Oil and 
Gas Division, Department of the Interior. 
He will succeed Ralph K. Davies, the 
now acting director. 

Mr. Ball started his career of public 
service with the U. S. Geological Survey 
in 1906 after receiving his degree from 
the Colorado School of Mines. In four 
years he became head of the Oil Board 
and held that position until 1916 when 
he became mining engineer and law of- 
ficer for the Bureau of Mines,” 

In 1944 Mr. Ball became special as- 
sistant to Mr. Davies who was deputy 
petroleum administrator for war. He was 
recently associated with the Michigan 
Consolidated Gas Co. 


69 



































































LUBRICANTS — GAS ANALYSIS 


PROCESS CONTROL — ECONOMICS 
Add These Latest Books to 


Your Library of Valuable Technical Information 


Lubricants and Cutting Oils for Machine Tools 


(By W. G. Forbes) 


Covers the fundamentals of lubrication and the application of numerous types 
of cutting oils in relation to machine tool operations . . . Discusses the vari- 
ous properties of lubricating and machine oils, their relative importance, 
and methods of testing, as well as their composition, compounds and blends, 
Suggests points to be covered when specifying lubricating and cutting oils. 
Deals with lubricating greases . . . Prescribes treatment and offers suggestions 
for the prevention of skin diseases resulting from contact with lubricants .. . 
Lakeceaaseteseewseaehecede 90 pages, $1.75 


Lubrication of Industrial and Marine Machinery (8y W. G. Forbes) 


Instruments and Process Control 


Gas Analysis and Testing of Gaseous Materials 


When The Oil Wells Run Dry 


Discusses principles of lub:ication for common types of engines and machines, 
with descriptions, explanations and analyzations of everyday lubrication prob- 
lems . . . Covers mechanics of lubrication, fundamentals of production, tests 
and specifications for lubricating oils, and methods of applying lubricants. 


Saar eae 314 pages, $4.00 


(By R. E: Clarridge, 
J. S. Detwiler, G. E. Heller, R. N. Pond and B. C. Delahooke) 


Written in layman’s language, this monograph was prepared in the Curriculum 
Laboratory at Cornell University in cooperation with the Taylor Instrument 
Company . . . Explains industrial processes and the measurement and control 
of their variables . . . Defines common instrument terminology . . . Discusses 
basic control theory, simp!e controllers, controller mechanisms, and the ap- 
plications of controllers . . . Contains over 200 illustrations, photos and draw- 
ings .. . Well prepared and easy to read . . . Reproductions of 233 typewritten 
pages 8% x ll, paper cover and plastic bound ..................... $2.75 


(By V. J. Altieri) 


Newest comprehensive book of standards for sampling, analyzing and test- 
ing gases and their mixtures . . . Brings under one cover the published tech- 
nical literature on this subject as well as the personal experiences of men 
in the field . . . Gives details of safety and accident prevention . . . Contains 
20 well-illustrated chapters, also tables and a bibliography. Includes name and 
subject indexes and an appendix of valuable technical material, much of which 
is in tabular or graphic form and pertains to physical constants data, properties 
of gases and various correction and conversion factors. ...... . 567 pages, $7.50 


(By Walter M. Fuchs) 


Presents in a readily understandable and interesting manner, the important his- 
torical, social, political, and scientific oil facts from the dawn of civilization to 
the present day . . . Explains part oil plays in international politics, in world 
economy . . . Discusses the industry in the U. S., our government oil policy, and 
the prospects of discovering new fields in the future . . , Deals with the tech- 
nology of production and refining, including information on the processes of 
syathesizing petroleum . . . Tells of the present and future sources of power, 
correlating power from oil, coal, water, the sun, the wind, and the atom. . 

A TPE GAM 447 pages, $3.75 


Mail your order for the above books to: 


PETROLEUM PROCESSING 


1213 WEST THIRD STREET 
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Personals 





Morris Evans Leeds, founder and 
chairman of the board of Leeds & North- 
rup Co., Philadelphia, received the 
A.S.M.E. Medal of the American So- 
ciety of Mechanical Engineers recently 
“because of outstanding achievements 
in the invention and development of 
electrical and temperature measuring in- 
struments, and in the field of industrial 
relations.” He is the inventor of the 
“Leeds mechanism”, a basic element in 
automatically-operated, balanced-current 
recording and controlling instruments 
for industrial use. 

His achievements in the field of in- 
dustrial relations include noteworthy lib- 
eral management policies in the company 
he founded. Mr. Leeds retired as presi- 
dent of Leeds & Northrup Co. in 1939 
and has since been president of the 
Philadelphia Board of Education. 


2 oO oO 


Standard Oil Development Co. has 
named Dr. William J. Sparks director of 
the chemical division of Esso Labora- 
tories, replacing Dr. Per K. Frolich, who 
has resizned after 11 years with the com- 
pany. With Robert 
M. Thomas now 
at the company’s 
Baton Rouge lahbo- 
ratory, Dr. Sparks 
developed Buty! 
shortly before the 
war. 

A 4l-year-old 
native of Wilkin- 
son, Indiana Dr. 
Sparks was gradu- 
ated from the Uni- 
vesity of Indiana 
in chemistry with 
bachelor’s and 
master’s degrees and received his doctor’s 
degree at the University of Illinois. 

In 1936 he joined Standard Oil De- 
velopment Co. as a research chemist, 
aiding since in the development of new 
uses for petroleum products. In 1939 
he was principal chemist of the U. S. 
Department of Agriculture in charge of 
oil and protein development in Bureau 
of Agricultural and Industrial Chem- 
istry. He returned to the development 
company in 1940, becoming assistant 
director of the chemical division in 1948, 
and associate director in 1945. 





Dr, Sparks 


2 2 2 


Two oil mea have been elec’ed to 
serve on the board of six directors for 
the American Institute of Mining and 
Metallurgical Engineers for the coming 
vear. Taey are John R. Suman, vice 
president of the Standard Oil Co. (N. J.) 
and C, V. Millikan, chief production en- 
gineer for the Amerada Petroleum Corp., 
Tulsa. 


* °° coy 


C. R. Inglis has returned to his old 
job as production engineer at Cities Serv- 
ice Great Bend, Kans., plant after being 
discharged from the service. 
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Personals 





H. C. Lawton has accepted a position 
as senior chemist with the research and 
development department of Atlantic Re- 
fining Co. Philadelphia, where he will 
carry out studies on petroleum produc- 
tion technology. He comes from the 
Pennsylvania Grade Crude Oil Assn.’s 
production research laboratory. 

hoa t 2 

Terence Bredin, John Clougher, John 
Hafner and Edward Mooney have been 
appointed refinery foremen at Stand- 
ard of New Jersey’s Bayonne plant. 

2 2 o 

Roman L, Sailer has been promoted 
from acting chief engineer to chief tech- 
nical service engineer for the Freedom- 
Valvoline Oil Co., East Butler, Pa. 

= 2 ° 

R. L, Swoope, engineer at Universal 
Oil Products Riverside, Ill., plant has 
been transfezred to Berwyn, IIl. 


+ oO as 


Thomas Brownfield has been trans- 
ferred to Tulsa as assistant to Oscar 
Schorp, president of the Carter Oil Co. 
Replacing Mr. Brownfield as special as- 
sistant to the coordinator of producing 
activities for Standard Oil Co. (N. J.) is 
M. A. Wright. R. P. Walters replaces 
Mr. Wright in New York. 


* * * 


Following the recent meeting of the 
API, Director E. L. Dalemont and his as- 
sistant, J. de Courlon, of the French Pe- 
troleum Industry Buying Agency of New 
York City, and A. Martin, technical direc- 
tor of Direction des Carburants, Paris, 


have been visiting and studying pro-, 


cedures and methods at various oil cen- 
ters in the Southwest. 
* 8 «8 


Albert R. Yurgerwitz has been’ pro- 
moted to head pumpman at Standard of 
New Jersey’s Bayway, N. J. refinery. 

oO e ° 


L. G. R. Tompkins has recently com- 
pleted work on his Pk.D. at Purdue, and 
is now with Humble Oil & Refining Co., 
Baytown, Texas, as research chemist, do- 
ing applied research on petroleum and 
its products. 





Annual Index Ready 


The annual index of articles 
published during 1946 in PErro- 
LEUM Processinc (Sept. - Dec.) 
and the NPN Technical Section 
(Jan.-Aug.), its predecessor, is 
now ready. It gives a complete 
subject and author listirg of all 
material appearing during the year 
in the two magazines. Copies of 
the index can be obtained, with- 
out charge, upon request to the 
Reader’s Service Department of 
PETROLEUM ProcessINc, 1213 
West Third St., Cleveland 13, 
Ohio. 
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Some Like It Coarse 


But 


Antimony Trichloride 
Chlorine, Liquid 
Sulfur Dichloride 


Caustic Soda 


Some Like It Fine 
All Like Hooker Aluminum Chloride 


ee Aluminum Chloride Anhydrous is one of the dominant 
catalysts in the petroleum field. Uniform high purity of this 
Hooker product accounts for its wide spread popularity. This 
one catalyst is used for: 

1. Isomerization to manufacture branched paraffins of high anti-knock 


value, to effect ring closure of aliphatic hydrocarbons, to confer in- 
creased aromacity, 


2. Alkylation or Condensation of paraffins with olefins to manufacture 
motor fuels; of aromatics with higher olefins or alkyl halides; to syn- 
thesize pour point depressants for lubricating oils. 


$. Cracking of high-boiling hydrocarbons to manufacture gasoline. 

4. Refining,by decomposition of organic sulfur compounds, by poly- 
merization of gum forming constituents. 

5. Polymerization of low-boiling hydrocarbons to manufacture motor 


fuels and lubricants, 


What’s more Hooker makes it easy for you to use Hooker 
Aluminum Chloride in the form best suited to your operations 
by supplying it in these three forms. 

FINE GRIND 
COARSE GRIND 


An unscreened material practically all passing 20 mesh 


An unscreened material 1 mesh and finer, containing 
25% to 35% finer than 20 mesh. 


COARSE SCREENED Same as coarse grind but screened to remove 20 mesh 
and finer. 


SPECIFICATIONS: HOOKER ANYHDROUS ALUMINUM CHLORIDE 
Appearance: Grayish crystalline solid. 


Analysis: 
AICls, Min. 98.5 % 
Fe, Max. 0.05% 
Non-sublimables in air at 950°C, Max. 1.5 % 


Research samples of Aluminum Chloride or any of the other Hooker chemicals will be 
: gladly sent when requested on your letterhead. 


HOOKER 
ELECTROCHEMICAL 


COMPANY 
4713 Buffalo Avenue 
Niagara Falls, N. Y. 
New York, N. Y. Wilmington, Calif. 


__{HoOKER 
CHEMICALS 


Sulfur Monochloride 
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Available Now... 
PRINCIPLES OF REACTOR DESIGN 


(Complete Series in Booklet Form) 


This series gives an extensive report on the results of 
a government-sponsored research program, the purpose 
of which was to secure data that could be used in engji- 
neering plants for the manufacture of the new type petro- 
leum products—aromatics for aviation gasoline, toluene, 
butane-butene for synthetic rubber, and others. 


Researches were carried out under the direction of 
Dr. K. M. Watson, Professor of Chemical Engineering at 
the University of Wisconsin, and his associates. 


Covering the basic principles for the design, engineer- 
ing and operation of reactor equipment for some of the 
new refining processes, the series of articles are briefly 
outlined as follows: 


Pyrolytic Dealkylation & Concentration of Aromatics 





Describes in detail the cracking of xylene, toluene and 
an aromatic hydroformed naphtha at atmospheric pressure 
in the presence of steam. ... A method of kinetic analysis 
is developed; integration of basic rate equations for complex 
systems demonstrated and their application to general prob- 
lems of reactor design discussed. 


Pyrolysis of Propane 





Data from the literature for the pyrolysis of propane and 
its products are analyzed and rate equations developed for 
ten reactions which contribute significantly in determining 
the rate and product distribution in this operation. 


Dehydrogenation of Normal Butane 





Description of a small pilot plant, designed and built 
for the engineering analysis of catalytic processes. Oper- 
ability of the equipment was demonstrated by a short study 
of the dehydrogenation of butane over a chromia-alumina 
catalyst. 


Toluene from Benzene plus Xylenes 





Detailed explanation of a laboratory-scale investigation 
that was made of the production of toluene by methyl-group 
transfer and disproportionation in an equimolal mixture of 
benzene and xylenes over a silica-alumina cracking catalyst. 


The booklet contains 40 well illustrated pages, is 77/s 


x 11/4 in size and is durably bound . . . Price $1.00 each 
(Ohio purchasers add 3% sales tax) 


To order your copies, address: 


PETROLEUM PROCESSING 


1213 West Third Street Cleveland 13, Ohio 
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Personals 





George H. Evans of the Point Breezc 
refinery of Atlantic Refining Co., has 
been named foreman of the wax plant. 
He was formerly senior chemical engi- 
neer. 

e a ¢ 

M. T. Miller, foreman for Standard of 
California at Taft has been transferred 
to Pasadena Calif. 


com bod ° 


The Alberta Petroleum Assn. at its re- 
cent meeting in Calgary reelected F. M. 
Graham president for another term. 

J. O. Galloway and F. F. Reeve were 
voted in as vice presidents and E. W. 
Kolb was elected secretary-treasurer. 


. cod ° 


Dr. C, C, Crawford has been appointed 
assistant manager of Phillips Petroleum 
Co.’s chemical products department. He 
will be in charge of the special products, 
product development, and Perco divi- 
sions. 

Succeeding Dr. Crawford as head of 
the product development division is Dr. 
A. J. Dirksen. 

Dr, Crawford started with the Phillips 
company in January of 1943 in the spe- 
cial products division having previously 
been employed as a chemist with Shell 
Development Co. He was made manager 
of the products development division in 
March 1944, 


o e — 


F. McDowell has been promoted to 
foreman in the process department at the 
Texas City refinery of the Pan American 
Refining Corp. 


* 2 a 


Howard T. Jayne, safety inspector for 
the Philadelphia Gas Work Co., has been 
reappointed chairman of the Accident 
Prevention Committee of the American 
Gas Association for the 1946-1947 term. 


o a oO 


Clarence Norman, foreman at the St. 
Elmo, Ill., plant of the Carter Oil Co., 
has been transferred to the marketing de- 


partment in Tulsa. 
°° o Q 


R. C. McCurdy is being transferred 
by the Shell Oil Co. to take charge of 
their Venezuelan operations at Mara- 
caibo. He was division manager at San 
Joaquin Basin for Shell. 


Led % bed 


Chester F. Smith, a company director, 
has been appointed a vice president of 
Standard Oil Co. (N.J.). He has been as- 
sociated with Standard for the last 35 
years in manufacturing and engineering 
operations. 

In 1944 he was named chairman of 
Standard’s coordination committee, 4 
group for the centralization and study 
of the managements of the subsidiary 
companies. Until his appointment as a 
director he was the president of Stand- 
ard Oil Co. of New Jersey, the main 
subsidiary of the company, 
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Special Problems in Binary Distillation 


By ROBERT R. WHITE, Associate Professor 
and W. T. BOYD, Graduate Student 


Department of Chemical and Metallurgical Engineering 
University of Michigan 


Last month the authors discussed analytical methods 
that could be used in the design of fractionating tow- 
ers for calculating the number of theoretical plates 
required for a separation. The McCabe-Thiele meth- 
od, Smoker's equation, and the Fenske or Underwood 
equation were all covered, and illustrated with exam- 
ples. 

This month they discuss a few of the special 
applications of these techniques, including partial 
condensers, two-feed and three-feed columns, side 
streams, side stream recirculation, and low-temper- 
ature distillation. 

Previous articles in this series discussed the basic 
theory of binary distillation. Future articles will take 
up the design of towers, as well as multiple com- 
ponent, azeotropic and crude oil distillation. 


T HE following discussion considers a few special problems 
which may arise in the application of the techniques previ- 
ously described (PeTrRoLteum Processinc, Dec., 1946 pg. 319). 


Partial Condensers 


Where a partial condenser is used, only a portion of the 
vapors, sufficient to form the reflux liquid, are condensed, and 
the distillate product is withdrawn as a vapor, the receiver 
functioning as a vapor-liquid separator. The enthalpy-composi- 
tion diagram for this operation is shown in Fig. 1. 


B. T.U. PER POUND 





ENTHALPY, 








WEIGHT FRACTION OF THE MORE 
VOLATILE COMPONENT 


Fig. 1—Enthalpy-compo- 
sition diagram where a 
partial condenser is used 


The coordinates of the difference point, d, for the rectifying 


_ section are unchanged, i.e., (yp, Hp — Qp). The reflux liquid, 


R, where it is in equilibrium with the distillate product, is lo- 
cated on the liquid saturation line at the end of the equilibrium 
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tie line from the distillate product, D, on the vapor saturation 
line, and the points V,, R and d lie on a straight line. The point 
O, which represents the sum of the reflux liquid and the dis- 
tillate product, lies directly below the point V,. The reflux ratio 
R/D is equal to the ratio of the distances OD/RO, or dV;/V,R. 


Two-Feed Columns 


The calculation of plate requirement in two-feed columns 
may be explained most conveniently by reference to Example 6, 
the solution to which is shown by Fig. 2. 


Example 6: 


It is desired to separate 258 Ibs./hr. of a feed, F,, having 
zero enthalpy and containing 74.0 wt. % ethanol, balance water, 
and 742 lbs./hr. of a feed, F,, having an enthalpy of 702 
Btu/lb. and containing 47.1 wt. % ethanol, balance water, into 
two products containing 90.0 and 1.0 wt. % ethanol. The heat 
supplied to the still will be 386 Btu/lIb. of combined feed. The 
reflux liquid and distillate product will have an enthalpy of 
50.0 Btu/Ib. How many equilibrium plates must be provided 
in the column? 


Points F, and F, in Fig. 2 represent the two feeds. Point O is 
the addition point for the two feeds and is located on the line 
FF, so that the ratio of the distances 


OF,/OF, = F,/F, = 258/742 


The energy added in the still per pound of combined feed is 
represented by the distance OO’ (386 Btu/lb.), the point O’ 
representing the combined feeds plus the energy added in the 
still per pound of (F, + F,). The point O’ represents also the 
sum of the bottom product, B, and the distillate product minus 
the energy added in the condenser, d, (x), h, — Q,). The dif- 
ference point for the rectifying section, d, is located by extend- 
ing the line BO’ to the value x, = 0.90. The difference point 
for the stripping section, d’, is located by extending the line dO 
to the value x, = 0.01. 

It is now possible to begin the plate to plate construction for 
the rectifying section. If this construction is continued until 
the line dOd’ is passed, and continued by using the point d’ 
the result is the number of plates required if the two feeds 
were combined and introduced on the same plate. 

The difference between the vapor and liquid passing one 
another in the middle section of the column between the two 
feed plates equals the difference between the upper feed, Fj, 
and the distillate product minus the energy added in the con- 
denser. It also equals the difference between the lower feed, 
F,, and the bottom product minus the energy added in the still... 
Therefore, the difference point for the middle section, d”, is lo- 
cated at the intersection of the line dF, with the line d’F,, 


The plate to plate construction for the rectifying section is 
carried out using point d, until the plate is reached which has 
an ethanol concentration in the liquid less than that indicated 
by the intersection of the line dF, with the liquid saturation 
line. The feed, F,, is introduced on this plate. The construc- 
tion is carried out below the upper feed plate using the point d” 
until the plate is reached which has an ethanol concentration 
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in the liquid less than that indicated by the intersection of the 
line d’F, with the liquid saturation line. The feed, F5, is in- 
troduced on this plate. The remainder of the column is cal- 
culated by using the point d’ in the ordinary manner for strip- 
ping sections. 


As indicated in Fig. 2, nine plates are required for the speci- 
fied separation. The feed F, should be introduced on plate 5, 
and feed F, on plate 7. 


It should be pointed out that in some cases the lines dF, and 
d’F, are parallel, This condition arises when the quantity of 
liquid in the section between the feed plates equals the quantity 
of vapor. 


Three Feed Columns 


The graphical construction used to determine the ditterence 
points for the four sections of a three-feed column is shown in 
Fig. 3. The three feed streams are represented by the points 
F,, F, and F,. The combined feed is represented by point O, 
the addition point for F,, F, and F,. Points d and d’ are the dif- 
ference points for the rectifying and stripping sections of the 
column, respectively. The difference between the vapor and 
liquid passing one another in the section below the rectifying 
section equals the difference between the upper feed, F,, and 
the distillate product minus the energy added in the condenser, 
represented by the point d. It also equals the difference be- 
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Fig. 2—Enthalpy-composition diagram used in plate calcu- 
lation two-feed columns as given in Example 6 
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Fig. 3—Graphical construction used to deter- 
mine the difference points for the four sections 
of a three-feed column 


tween the sum of the feeds F, and F,, represented by point Op», 
and the bottom product minus the energy added in the still, 
represented by point d’, 


Therefcre, the difference point for this section is located at 
the intersection of the line dF, and the line d’O,, where Og, is 
the addition point for the feeds F, and F. Similarly, the differ- 
ence point for the section above the stripping section is lo- 
cated at the intersection of the line d’l’, and the line O,.d, 
where O,. is the addition point for the feeds F, and Fy. 


Side Streams 


The calculations for a cclumn from which a side stream 
product is withdrawn are identical to those for a two-feed 
column, since the side stream is equivalent to an additioral 
feed stream with the flow reversed. 


The graphical solution to Example 7 is shown in Fig. 4. 
Example 7 


It is desired to separate a feed containing 56.0 wt. % ethanol, 
balance water, and having an enthalpy of 300 Btu/Ib., isto 
three products containing 90.0, 70.4, and 1.0 wt. % ethanol. 
The separation is to be accomplished in a plate column equipped 
with a still and apparatus for returning reflux. The enthalpy cf 
the reflux liquid and distillate product is to be 60.0 Btu/lb. The 
heat supplied to the still will be 378 Btu/Ib. of feed. The quan- 
tity of side-stream product withdrawn is to be 0.290 Ibs./Ib. 
of feed. How many equilibrium plates must be provided? 


The feed is represented in Fig. 4 by the point F; the side- 
stream product, which will be a saturated liquid, is represented 
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Fig. 4—Enthalpy-composition chart used in Example 7, for 

calculations for a column from which a side stream product 

is withdrawn. The determinations are identical to those for 

a two-feed column because the side stream is equivalent 
to an additional feed stream with the flow reversed 


by the point D, Iceated on the liquid saturaticn line. The point 
O is difference point for the feed and side stream and is lo- 
cated on the line FD, so that the ratio of the distances, 
OF/OD,, = 0.290. 


The heat supplied to the still is 378 Btu/lb, of feed on 
378/(1.0 — 0.290) = 532 Btu/lb. of feed less side stream, 
F — D,. The energy added in the still per pcund of feed less 
side stream is represented by the distance OO’ (532 Ptu/Ilb.), 
and the point O’ represents the sum of the feed less the side 
stream and the energy added in the still per pound of feed 
less side stream. Point O’ also represents the sum cf the bot- 
tom product, B, and the distillate product minus the energy 
added in the condenser. Thus the difference point, d, for the 
rectifying section is located by extending the line BO’ to the 
value x, = 0.90. The difference point d’ is located by extend- 
ing the line dO to the value x, = 0.01. The point, d”, which 
represents the difference between the liquid and vapor passing 
one another in the section between the draw-off plate and the 
feed plate, is Iccated at the intersection of the lines dD, and 
d’F, since the side stream is withdrawn from a plate above the 
feed plate, Where the side stream is withdrawn from a plate 
below the feed plate the point d” is located at the intersection 
of the lines dF and d’D,,. 


The plate to plate construction is carried out as described 
previously, using the point d for the rectifying section, the 
point d” for the section between the feed and draw-off plates 
and the point d’ for the stripping section. As indicated in 
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Fig. 5—Graphical solution to Example 8, involving side 
stream recirculation 


Fig. 4, 9.4 equilibrium plates are required, the side stream 
being withdrawn from the fifth plate. The quantity of dis- 
tillate and bottom products per pound of feed are 0.392 and 
0.318, respectively. 


Side Stream Recirculation 

A prcblem which is associated with the withdrawal cf a 
side stream is that of controlling side stream composition. 
When the distillate and bottom product compositions are 
fixed, one must accept what compositions are available on the 
plates cf the column with the particular reflux ratio being 
used, For instance, if in illustrative Example 6 it were desired 
to obtain a side stream containing 75.0 wt. % ethanol while 
making a 90.0% distillate and a 1.0% bottom product, it 
would be possible to obtain this product by increasing the re- 
flux ratio until the composition cf the liquid on the fourth 
plate was 75.0% ethanol or by decreasing the reflux ratio 
until the composition of the liquid on the fifth plate was 75.0% 
ethanol. 

It is also possible to control side-stream compesition at 
reflux ratios where ordinarily no plate of the column has liquid 
of the desired composition, by recirculating a portion of the 
side stream to the plate above the draw-off plate. The effect 
cf the recirculation is to divide the column into four sections 
—the rectifying section, a recirculation section between the 
draw-off plate and the plate above, a middle section between 
the feed and draw-off plates, and finally the stripping section. 


Examonle 8 


The feed of Example 7 is to be separated into distillate 
and bottom products containing 90.0 and 1.0 wt. % ethanol, 
and a side stream containing 75.0% ethanol is to be made, 


‘ale 
75 
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using the same reflux ratio as was used in Example 6, by re- 
circulating hot side stream to the plate above the draw-off 
plate. The enthalpy of the reflux liquid and distillate product 
is to be 60.0 Btu/Ib. and the quantity of side-stream product 
withdrawn is to be 0.290 lbs./lb. of feed. How many plates 
are required, and how much heat must be supplied to the 


still? 
The graphical solution to Example 8 is shown in Fig. 5. 


The point d for the rectifying section will have the same co- 
ordinates as in Example 7, Fig. 4, since the reflux ratio is the 
same. The point O, representing the feed less side stream, 
is located on the extension of the line FD, so that the ratio 
of the distances OF/OD,=0.290. The difference point for 
the stripping section, d’, is located on the extension of the line 
dO at the value x, = 0.01. The difference point for the sec- 
tion between the feed and draw-off plates, d”’, is located at 
the intersection of the lines D,d and d’F. 


The plate to plate construction is carried out for the rectify- 
ing section until the composition of the liquid on the fourth 
plate is determined as 0.779. It is now apparent that an addi- 
tional plate in the rectifying section will have a liquid com- 
position of less than 0.75 wt. % ethanol. It is necessary, 
therefore, to recirculate liquid from the fifth plate to the fourth 
plate and to withdraw the side stream from the fifth plate. 


The difference between the vapor and liquid passing one 
another between the fourth and fifth plates, represented by 
point d,, is equal to the difference between the recirculated 
side stream fed to the fourth plate, represented by point D,, 
and the distillate product minus the energy added in the con- 
denser, represented by point d. The point d, will therefore 
lie on the line dD,. It must also lie on the line L,V;, where 
L, represents the liquid leaving the fourth plate and V, the 
vapor rising from the fifth plate. The point L, is located from 
the plate to plate construction in the rectifying section and 
the point V, must represent the vapor in equilibrium with 
the liquid containing 75.0 wt. % ethanol. The point d, is 
thus located by the intersection of the lines dD, and L,V, 
and has the coordinates (0.612, — 1140). ; 


The ratio of the quantity of liquid recirculated to quantity 
of the distillate product is equal to the ratio of the distances 
d,d/d,D.. The ratio of the side stream product to the distillate 
product is equal .to the ratio of the distances dd”/D,d” and 
the ratio of liquid recirculated to the side stream product is 
equal to the ratio of the distances 


d,d/d,D, 
ee OE S08, 
dd”/D,d” 


The material balance on the basis of one pound of feed 
gives the following values for the quantities of the products: 


OXYGEN 
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Fig. 6—Diagrammatic sketch for oxygen pro- 

duction by means of Linde liquefier and strip- 

ping column. Stripping column is at right, 
heat exchanger on left 


D, = 0.377; Dz = 0.290; and B = 0.333. The quantity of 
liquid recirculated is 0.766 lbs./lb. of feed. The number of 
equilibrium plates required is 10. The heat supplied to the 
still per pound of feed is (890 + 179) (0.333) = 356 Btu. 


Low Temperature Distillation 


The petroleum industry has long used high pressure distilla- 
tion in fractionation operations producing highly volatile over- 
head products in order that cooling water could be used to 
produce reflux. The maximum pressure which may be used 
depends upon the critical properties of the materials being 
fractionated. 

It is also possible in some cases, such as in the separation 
of hydrogen, methane, ethylene and ethane from cracked 
gases, to use the principles of self-refrigeration for producing 
reflux instead of high pressures, The basic principles of such 
operations are well illustrated by the methods commonly used 
to fractionate air. 

When air is separated into oxygen and nitrogen it may be 
considered to be a binary mixture. One operation which 
produces oxygen as the primary product is illustrated in Fig. 6 
and consists of a Linde liquefier and a stripping column. 
Air at atmospheric temperature and at about 30 atm. pressure 
enters the heat exchanger where it is cooled by the products 
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Fig. 7—Enthalpy-composition diagram for nitrogen for use 
in calculations resulting from equipment shown in Fig. 6 
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(rom the stripping column. The cooled air passes through 
the still where it is cooled further as it furnishes the heat 
required for operating the column. After passing through 
the reboiler the air is expanded through the valve to approxi- 
mately 1 atm. pressure and is introduced to the top plate of 
the column as a saturated liquid. 


This column operates as a stripping column, which has 
been discussed previously. The enthalpy-composition diagram 
of Fig. 7 shows the operation of such a column containing 
an infinite number of plates and producing oxygen containing 
0.5 mole % nitrogen, withdrawn as vapor from the still, repre- 
sented by the point B. The point F represents the expanded 
air feed and the point F’ the air as it enters the still. The 
overhead vapors represented by point V, are in equilibrium 
with the entering F (because infinite plates are available) and 
contain 6.3 mole % oxygen. Thus the recovery of oxygen un- 
der these conditions is 75.0 mole % and the maximum purity 
of the nitrogen obtainable is 93.7 mole %. 


The low recovery of the desired product is characteristic 
of stripping columns. In ordinary fractionations, rectifying 
plates are provided above the feed plate in order to produce 
a pure overhead product. However, the operation of such 
rectifying plates demands a supply of relatively pure liquid 
reflux which in this case must be provided at approximately 
the temperature of saturated liquid nitrogen at 1 atm. pressure 
or —320.6° F. In general, refrigerants for removing heat at 
these temperatures are not conveniently available. 





— 




















Fig. 8 — Refrigeration 
may be provided in the 
top of a stripping col- 
umn as shown in Fig. 6 
by using an expanded 
oxygen stream from the 
bottom of the column as 
shown here 


One method for providing refrigeration at the top of a 
column producing nitrogen as an overhead product is to use 
an expanded oxygen stream from the bottom of the column 
as shown in Fig. 8. Here the column is operated at a pressure 
of 5 atm., under which nitrogen condenses at a temperature 
of —290° F. Liquid oxygen is withdrawn as a liquid from 
the still at 5 atm. pressure and is expanded to 1 atm. pressure, 
vaporizing slightly, the remaining liquid being evaporated at 
a temperature of —297.4° F., the boiling point of oxygen 
at 1 atm. pressure, around the tubes of an evaporative heat 
exchanger in the head of the column. The operation of this 
arrangement may be analyzed in the enthalpy-composition 
diagram in Fig. 9. 
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Consider the production of 99.0 per cent pure nitrogen 
from such a unit containing an infinite number of plates. In 
Fig. 9 the nitrogen product is represented by the point D, 
the air entering and leaving the still by the points F and F’, 
respectively, the stiil liquid by point B and the oxygen product 
by the point B’, 


With an infinite number of plates the point d, representing 
the overhead product, D, minus the heat added in the con- 
denser, is located by extending the tie line through point F, 
as previously discussed. The still liquid, B, is equal to the 
difference between the air entering the still, F, and the over- 
head minus the heat added in the condenser, and therefore 
lies on the extension of a line dF’. 


Also, the sum of the oxygen and nitrogen products, B’ and 
D, must equal the entering air, F and therefore the point B’ 
must lie on the extension of a line DF’ and also on the satur- 
ated vapor line for 1 atm. pressure directly above the point 
B. A trial and error graphical solution, therefore, locates the 
points F’, B, and B’. 


The recovery of 99.0% pure nitrogen with infinite plates 
is only 73.8 mole % and the oxygen produced contains 51 mole 
% nitrogen. Thus while this arrangement may be used to 
produce pure nitrogen it suffers from the same defects as the 
stripping column in that only one pure product .is obtained 
with low recovery. 


As Ruheman(!) pcints out, this arrangement might be im- 
proved by stripping the nitrogen from the still liquid by super- 
imposing a stripping. column on the high pressure column. 
The heat liberated in condensing the nitrogen reflux in the 
high pressure column would be used to reboil the liquid in 
the still of the low pressure stripping column, This arrange- 
ment would produce a pure nitrogen and a pure oxygen product 
but at the same time a relatively large fraction of impure 
material as the overhead product cf the stripping column. 


Thus the recovery of pure products would still be relatively 
small. 


It is now possible, however, to use rectifying plates above 
the feed plate of the stripping column since reflux can be 
obtained by expanding a liquid nitrogen stream from the 
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Fig. 9—Enthalpy-composition chart for calculations in con- 
nection with the stripping column in Fig. 8 
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high pressure column and introducing it as reflux to the low 
pressure column, This arrangement is known as a Linde 
double column and is shown in Fig. 10. The pure oxygen 
and nitrogen products are withdrawn as vapors from the 
still and overhead line of the low pressure column. 








@ | AT A 1 
| 


Fig. 10—Linde double column, in 

which a liquid nitrogen stream from 

the high pressure column is ex- 

panded and introduced as reflux to 
the low pressure column 


The operation of a Linde double cclumn is shown on the 
enthalpy-composition diagram of Fig. 11. The lettered points 
in the figure represent the lettered streams of Fig. 10. Con- 
sider the problem of determining the composition of stream A 
at minimum reflux when a Linde column is producing oxyge: 
and nitrogen both cf 99.0% purity and operating at pressures of 
1 and 5 atm. 


The entering air stream, P, lies on the line between points 
C and D, representing the outgoing oxygen and nitrogen prod- 
ucts. The expanded air liquid entering the high pressure 





Nomenclature Used in Equations and Charts in the 
Text 


B=quantity of bottom products per unit time. 

D=quantity of distillate product per unit time. 

D,.=quantity of side-stream product per unit time. 

d=difference point for rectifying section. 

d’=difference point for stripping section. 

d”, d,=difference points for sections of fractionating columns other 
than rectifying or stripping sections. 

F, F,, F ., F.:=quantity of feed streams per unit time. 

H=enthalpy of vapor streams, Btu/Ib. 

h=enthalpy of liquid streams, Btu/Ib. 

L=quantity of liquid flowing per unit time in rectifying section. 

O, O’=addition points for overall material and energy balances 
around a column. 

Q=heat absorbed by a system from its surroundings per unit 
quantity of a stream. 

R=quantity of reflux per unit time or moles of reflux per mole of 
distillate. 

V==quantity of vapor flowing per unit time in rectifying section. 

x=mole fraction of a component in the Jiquid. 

¥=mole fraction of a component in the vapor. 


Subscripts 
Se 3. 2 . ==designation for specific plate in a column. 
1, 2, 3=designation for streams 1, 2, 3. 
B, D, F=designations for bottom product, distillate product, and 


feed, respectively. 
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Fig. 1l—The operation of the Linde double column shown 
in Fig. 10 is indicated by this enthalpy-composition diagram 


column is represented by point B, By assuming a reflux ratio 
in the high pressure column the point d, is located. Since the 
still liquid, A, is equal to the difference between the entering 
air, P, and the stream E’ minus the heat added in the condenser, 
the point A is located by extending the line d,P to the saturated 
liquid line. The point d’, is then Iccated directly below point 
A on the line dB, 


The stream P is also equal to the sum of stream E’ and the 
combination of stream A minus the heat added in the con- 
denser. Thus the point O is located above A on the line E’P. 
The point O represents the still liquid A minus the heat added 
in the condenser when considering the high pressure column, 
but it also represents stream A minus heat added in the still 
when considering the low pressure column. Thus point O 
lies on the line between points C and d,, representing bottom 
product, and the combination of streams D and E’, represented 
by point d,. Point d. is thus located above D and E’ on the 
line CO. When this point has been located, the bottom differ- 
ence point d’, is located on the line Ad., directly below point 
C, as has been previously shown. When a tie line coincides 
with either d,Bd’, or d,Ad’y, a condition of minimum reflux 
and infinite plates exists. This must be found by trial and 
error and gives a minimum oxygen content for stream A of 
44.5 mole %. In this case the conditions of minimum reflux 
are approached in the high pressure column before it is ob- 
tained in the low pressure column. 


Reference 


(1) Ruheman, M., The Separation of Gases, Oxford Press (1940). 
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Report Observations of Effects 
Of Fire and Atomic Bombings 


Fire and the Air War, edited by Horatio 
Bond, 6 x 9 in., 276 pages, stiff cloth bind- 
ing, illustrated, $4.00. 

No one hopes more fervently than we 
that there'll never be another war. But if 
there is, we can be sure that our refin- 
eries and other industrial targets will not 
be spared from air attack, as they were 
in the past, with both explosive and in- 
cendiary bombs — and probably even 
atomic ones. 

Fire and the Air War tells us what we 
might expect and what the results would 
be. It is an authoritative and factual 
account of the fires of war in England, 
Germany and Japan, of wartime fire 
fighting, and of the work of the fire 
protection engineers who helped plan the 
destruction of enemy centers and indus- 
trial plants. It is a compilation of the ob- 
servations of eight fire experts, includ- 
ing Horatio Bond, chief engineer for the 
National Fire Protection Association. Also 
included in the complete text of the of- 
ficial reports of the U. S. Strategic Bomb- 
ing Survey on the atomic bombing of 
Hiroshima and Nagasaki. 

Although Fire and the Air War does 
not deal specifically with industrial tar- 
gets, many of the experiences and ob- 
servations reported will be of help and 
interest to refinery safety engineers study- 
ing the subject. 


Analyzes Plastics Industry 
In Terms of Economic Values 


Plastics Business, by Herbert R. Simonds 
and Joseph V. Sherman, 5% x 8% in., 439 
pages, illustrated, indexed, stiff cloth bind- 
ing, $5.00. 

Although the petroleum refiner has 
been most closely allied with only one 
phases of plastics—synthetic rubber— 
the future trend will probably be toward 
even more mutual interests between 
these two industries. Plastics Business 
presents an exhaustive analysis of the 
plastics industry, its mechanics and de- 
velopment, and the economic aspects 
of its future role in the nation’s enter- 
prises. 

Presenting the names of every signi- 
ficant manufacturer of raw materials, 
fabricators, equipment manufacturers and 
sales organizations, the book includes 
company statistics, sales and _ profits, 
prices, data concerning consumption of 
plastics, and it discusses the future. It 
treats of economics in terms of effects 
en other industries, the jnvestor ard the 
technician, foreign markets, and _ the 
growth cf the plastics business. 

The early portion of the book deals 
with with a fundamental description cf 
the industry itself, its organization, and 
its materials. Two separate chapters in 
the latter half are devoted to plywocd 
and synthetic rubber. Considerable data 


and statistics are provided in illustrative 
tables, 
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Copies of all books reviewed here 
may be ordered from the Reader’s Serv- 
ice Department, Petroleum Processing, 
1213 West Third St., Cleveland 13, for 
the prices listed, postpaid, unless indi- 
cated otherwise. Ohio purchasers please 
add 3% tax. 


“Helpful Trade Literature’ items are 
usually available without charge, and 
can also be secured from the Reader’s 
Service Department of Petroleum Proc- 
essing. 











The authors are consultants in the 
plastics business. Mr. Simonds an engineer, 
is the author also of Handbook of Plastics 
and The New Plastics. Mr, Sherman, an 
irdustriale economist, was formerly. vice- 
president of Economic Analysts, Inc. 


New Almanac Is Statistical 
Record of Petroleum Industry 


The Petroleum Almanac, 6 x 9 in., 420 
pages, indexed, paper binding, $4.00; cloth 
binding, $5.00. 

A statistical record of the petroleum 
industry in this country and abroad, The 
Petroleum Almanac consists chiefly of 
cver 400 tables showing the economic 
significance of the industry, its place in 
the nation’s distributive structure, tax 
revenues, and the growirg importance of 
natural gas. 


Many of the tables go back to the 
beginnings of the “coal oil” industry, 
some as far back as 1857. Natural gas 
well information dates back as far as 
1899. 


The book is divided into ten major 
sections on production, transportation, 
refining marketing, distribution,  utili- 
zation, finances, labor, taxation, regu- 
latory bodies, alternate sources of energy, 
prices and world petroleum supplies. 

The information presented should make 
the book a valuable part of every oil 
executive's library, 

It is a result of a year and a half 
of intensive research by the National 
Industrial Conference Board, an inde- 
pendent, non-profit institution for re- 
search and education in economics and 
business. Supported by nearly 3000 com- 
panies, trade associations, labor unions, 
government bureaus, and educational in- 
stitutions, the Board has been in exis- 
tence since 1916. 

The book may be obtained direct from 
the publisher, The National Industrial 
Conference Board, 247 Park Avenue, 
New York 17,.N. Y. 


Helpful Trade Literature 


Wyatt’s, a 216-page book (9 x 12 in.) 
depicting pictorially the broad range of 
products that the company makes—in- 
cluding towers, vessels, and allied equip- 
ment. In addition, the book contains 
some 40 pages of valuable engineering 
reference tables. Distribution is limited. 
Address inquiries directly to the com- 
pany on your business letterhead. Wyatt 
Metal & Boiler Works, PI Box 3052, 
Houston, Texas. 


Our Third Report to Industry on Sim- 
plex Synthetic Rubber Insulations, tells 
why one company is “well pleased with 
synthetic rubbers” and is going to con- 
tinue to use them in its products, even 
when natural rubber again becomes avail- 
#ble. Compares critical properties and 
performance values of various synthetics 
(GR-S, Neoprene) with natural rubber. 
Simplex Wire & Cable Co., 79 Sidney 
St., Cambridge 39, Mass. 


Allis-Chalmers Water Conditioning 
Chemicals and Equipment No. 28X6385, 
a 12-page instruction booklet for power 
plant operators, touches upon the im- 
portance of feedwater control the care of 
testing equipment, obtaining samples, 
test procedures and contains reference 
tables to help in reporting results. The 
Allis-Chalmers Mfg. Co., 710, Milwau- 
kee 1, Wis. 
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WIDENING HORIZONS 


Views on Personnel, Management and Economic as Well as Technological Developments 
in Petroleum Refining and Natural Gas Processing: Comment from Readers is Invited 















Refiners Should Be fuloomed 
On the Studies on “Jet” Fuel 


 hyemage in the field ot jet propulsion torm no small part 
otf the extensive research programs of the nation’s oil com- 
panies. The oil industry has as much at stake in the problem as 
the military agencies which are also carrying on research. It will 
be called upon to turnish satistactory jet tuels entirely ditterent 
from the aviation gasolines now made for the conventional 
type of aircraft engines. 


The federal government, through the laboratories ot the 
National Advisory Committee tor Aeronautics, is devoting 
almost full time to work on tuels tor all three types of jet 
engines—turbine, ram, and rocket. NACA is working primarily 
toward the establishment of standards tor the new jet fuels. 
The chief objective is concerned not with the improvement 
of octane ratings and the combatting of knock, but rather 
with how to make petroleum tuels burn faster, more etticiently, 
and with greater release ot energy, especially at high altitudes. 


Both the Army Air Forces and the Navy are also conducting 
considerable work in this tield. Last summer the Air 
Forces made available to oil retiners 100 captured German 
jet engines as an aid in development work on tuels tor jet 
propelled planes. The Navy's 1947 Congressional appropri- 
ation budgets a substantial portion of the tunds toward re- 
search in this and other types of tuels tor aircratt efgines. 


At present the exchange ot data and intormation acquired 
in the government's studies in jet propulsion seems to be 
limited to the military authorities and to a tew ot the technol- 
ogists with the larger oil companies who are directly engaging 
in this field of research. The basis for exchange of this data 
should be broadened to take in all the retiners. For all the 
groups concerned—the military, other governmental agencies 
and oil companies—study ot jet propulsion is an entirely new 
field of research. Much that is being learned at this stage is 
fundamental in nature. It can have no particular military 
value, but it will be of value to oil companies generally in 
directing the line of their own study and thought on the sub- 
ject. 

The problem of the individual oil company will be how 
to supply in volume the best suited types of tuels tor jet 
planes. The problem will be turther complicated it jet tuels 
have to come from the so-called distillates, which will be in 
increasing demand in coming years tor heating oils, Diesel 
fuels and other uses. Supplying jet tuels in the volume required 
in the event of a future war will be a problem tor the entire 
oil industry, as was the case with aviation gasoline in the re- 
cent war. The industry should know, at all stages in the re- 
search program, what is being learned as to both the antici- 
pated volume and the required characteristics ot jet fuels. 


What IS the Chemical Industry? 


“Even defining the ‘chemical industry’ is becoming a prob- 
lem. Petroleum refiners, rubber manutacturers, paper makers, 
tin can producers, manufacturers of electrical equipment—to 
name only a few—all are now participants in chemicals 
production. The interrelationship ot products—both with re- 
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spect to sources of raw materials and of use—is little short 
of bewildering”. 

The quotation is from a talk by Richard B. Schneider, ot 
Arthur D. Little, Inc., entitled “Various New Aspects of the 
Chemical Industry”, before the Noon Forum of the New York 
Society of Security Analysts, New York, Dec. 11, 1946. 


High Wartime Plant Operating 
Rate Now Considered Normal 


HE first full year after the war found the petroleum re- 

fineries of the country in most cases operating at almost 
as high rates of crude throughput as during the climactic 
months of the war. Demand for all oils in 1946 was within 
1% of the wartime peak of 1945, accompanied, ot course, by 
a considerable shift in relative demand tor products. The 
Economics Advisory Committee ot the Interstate Oil Com- 
pact Commission recently estimated that demand tor all 
products in 1947 will be 3% greater than in ‘46. 

When actual plant operations during the war averaged 95% 
or higher of the rated retinery capacity of the country, it was 
assumed this was an abnormal wartime operation. Many re- 
fineries processed more crude than their plants were rated to 
run. “Win the war!” was the slogan, no matter what the cost 
in plant wear. It was believed that, atter the war, the retin- 
eries in general would drop back to considerably under rated 
capacity and there would then be ample opportunity for re- 
pairs and replacements, 

However, in the peak motor tuel demand period of 1946 
the plants were operating at 95-98% of rated crude capacity 
of the country. Refineries in general will have to operate at 
this rate or higher in 1947 to meet anticipated demand for 
all oils of 5,425,000 b/d. Total crude capacity of straight re- 
fineries of the U. S. is placed by the U. S. Bureau of Mines 
at not over 5,200,000 b/d. 

So far as reported, retineries operated during the war at 
these high rates of crude capacity without undue damage 
to plants or equipment which called tor abnormal replace- 
ments. Some engineers now believe that an operating rate of 
around 95% may be normal tor a modern plant. Retineries 
of today are better designed and constructed and the materials 
and equipment used are of longer lite than before the war. 
The use of alloy steels in place ot carbon steels where high 
temperatures or corrosive conditions are to be encountered is 
a chief contributing factor in lengthening the continuous 
operating time of processing units. 

During the war, plant operating bottlenecks were elim- 
inated which had previously slowed down the rate otf through- 
put. Modern plants are more complete as to various types ot 
units and their operations more tlexible and thus more quickly 
adjustable to current demand. Plant operating, maintenance, 
and repair crews are more skilled and better trained today. 

This contribution of the engineering, operating and main- 
tenance forces to hold plants to a high rate of operations is 
a tribute to the constant technological improvement in petro- 
leum retining. To the individual company it is an important 
factor in keeping down operating costs, a material advantage 
in selling in today’s highly competitive markets. 
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ALIPHATIC ORGANIC ” 
FLUORINE COMPOUNDS 





a genetron* 101 


PHYSICAL PROPERTIES 








Formula CH, ° CCIF, 
Molecular Weight 100.51 
Color Colorless 
Melting Point —130.8° C 
ie Boiling Point + —9.2°C 
q Density 1.194 at—10°C 
emit Tee, % 
vaporization 


Out of General Chemical’s extensive fluorine research program in the 
field of organic chemistry comes Genetron 101 . . . the second in a series 
of important aliphatic organic fluorine compounds. 

This chlorinated derivative of ethylidine f:1oride has a lower melting 
point and lower vapor pressures than the parent compound. Many of its 
applications are already under investigation by far-sighted manufacturers 
who recognize the industrial potentialities of Genetron 101: as a refrig- 
erant . . . an aerosol dispersant in admixture with other Genetrons . . . 
a selective solvent . . . a dielectric . . . and as an intermediate in the 
preparation of various other organic chemicals. 

The physical data here may suggest uses for this low boiling organic 
liquid which also merit your prompt investigation. For experimental 
samples, write General Chemical Company, Fluorine Division, 40 Rector 
Street, New York 6, N. Y. 


“Trade Mark, General Chemical Companv 


GENERAL CHEMICAL COMPANY 


40 RECTOR STREET, NEW YORK 6, N. Y. 


Sales and Technical Service Offices: Albany * Atlanta ¢ Baltimore * Birmingham ¢ Boston 

Bridgeport * Buffalo * Charlotte ¢ Chicago © Cleveland * Denver * Detroit * Houston 

Kansas City * Los Angeles * Minneapolis * New York ¢* Philadelphia ¢ Pittsburgh 

Providence * San Francisco © Seattle © St.Louis * Wenatchee and Yakima (Wash ) 
In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wis. 


In Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 


Vapor pressure (p.s.i. abs.): 


—30° C 6.0 
—10°C 14.7 
10°C 31.2 
30°C 59.0 






IKE Kel ta vive Vic 


FOR AMERICAN INDUSTRY 











Consistent quality in steel 
plate fabrication for a 
third of a century is good 
reason why industry can 
fully depend on this name. 
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